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PREFACE. 


The  object  of  this  small  work  on  Survey-Practice  for  all 
ordinary  purposes  is  to  supply  a  special  want,  which 
manifested  itself  in  the  inability  of  the  author  to  find  any 
single  published  work  which  would  answer  the  purposes 
of  his  pupils  and  serve  as  a  general  book  of  reference  for 
methods,  formulae,  and  forms  of  record. 

He  found  many  books  on  Surveying,  some  dealing 
exclusively  with  chain-surveys  of  small  plots  of  ground, 
some  dealing  purely  with  large  Trigonometrical  surveying 
operations  carried  out  with  enormously  expensive  and 
refined  instruments  and  appliances,  some  intended  to 
deal  with  the  setting-out  of  the  railway  engineer,  but 
often  more  actually  devoted  to  the  design  of  complicated 
cross-over  roads,  others  intended  to  apply  to  the  special 
work  of  preliminary  deposited  plans  of  Parliamentary  sur- 
veys for  Railway  Bills,  while  some  seemed  rather  to  aim 
at  presenting  the  student  with  a  large  set  of  nicely  drawn 
plans  for  him  to  contemplate  as  models  in  drawing 
rather  than  at  supplying  him  with  information  useful  in 
surveying,  and  others  aimed  at  providing  the  designer 
rather  than  the  surveyor  with  a  convenient  set  of  trigo- 
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nometrical,  logarithmic,  and  numerical  tables  for  use  in 
office  calculations. 

Each  and  all  of  these  works,  though  perhaps  excel- 
lent in  their  way  and  for  some  special  purpose,  failed  to 
serve  as  a  general  guide  in  survey-practice,  while  their 
generally  too  comprehensive  titles  sometimes  were  de- 
ceiving to  the  purchaser ;  there  remained  therefore  the 
two  alternatives  of  getting  a  small  library  for  reference 
on  each  subject  or  of  giving  written  instructions  to 
pupils  for  their  use ;  the  latter  plan  having  been  adopted, 
the  notes  have  been  since  condensed  into  the  following 
pages. 

This  book  is  of  course  a  compilation  in  the  general 
sense  of  the  word ;  all  books  are  either  compilations 
from  recorded  or  observed  facts,  habits,  customs,  events, 
methods,  or  of  thoughts  and  ideas  occurring  to  persons 
under  different  circumstances  and  moulded  into  some 
special  shape ;  but  this  book,  not  having  been  com- 
piled from  other  books,  is  not  a  compilation  in  the 
strictly  just  meaning  of  the  word ;  occasionally  other 
books  or  persons,  and  their  methods,  are  quoted  and 
referred  to  with  names  attached,  but,  on  the  whole,  the 
work  is  a  compilation  deduced  from  practice  or  expe- 
rience, based  on  verbal  and  exemplified  instruction 
received  in  early  days,  the  results  of  which  were  subse- 
quently modified  and  altered  wherever  any  improvement 
seemed  practicable. 

While  stating  this,  the  author  wishes  to  express  his 
gratitude  to  his  former  instructors,  and  to  acknowledge 
them  fully  as  his  practical  guides  up  to  a  certain  period 
of  life  in  various  branches  of  work ;  they  were — 
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Mr.  Charles  Green,  civil  engineer. 

Mr.  Millais,  civil  engineer. 

Captain  Henry  Scott. 

Mr.  Crawford  Campbell,  civil  engineer. 

Mr.  William  Morton,  civil  engineer. 

It  is  not  within  the  author's  power  to  state  how  far 
the  instruction  received  was  based  on  practice  already 
then  recorded  in  books,  or  on  modifications  introduced 
by  the  above  gentlemen.  There  are  always  plenty  of 
persons  ready  to  declare  that  there  is  nothing  new 
under  the  sun,  to  depreciate  every  improvement,  and  to 
imagine  their  own  genius  augmented  by  treating  matters 
and  persons  in  a  contemptuous  style  ;  such  persons  are 
not  by  any  means  to  be  envied,  and  it  is  not  the  author's 
wish  to  imitate  them. 

A  large  portion  of  this  book  is  reprinted  from  the 
second  edition  of  the  author's  Curve-Book,  published  in 
1869,  the  greater  part  of  which  confined  itself  to  the 
setting-out  and  designing  of  curves  of  railways,  canals, 
and  roads ;  but  which  also  contained  an  Appendix  on 
Errors  in  Levelling  ;  the  former  being  chiefly  the  result  of 
experience  on  the  Metropolitan  Railway,  the  latter  being 
called  forth  by  levelling  operations  on  the  Tumbad- 
dra  Canal,  which  had  in  some  parts  a  fall  of  only 
four  inches  per  mile,  and  required  special  care  and  con- 
sideration, necessitating  reference  to  the  errors  recorded  in 
the  extended  levelling  operations  of  the  Great  Trigono- 
metrical Survey  of  India.  The  additions  in  this  book 
consist  of  Part  I.  On  Surveying,  and  Part  IV.  On  Route- 
Surveys  and  minor  astronomical  observations  in  con- 
nection with  them ;   both  of  these  parts  are  based  on 
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notes,  experience,  and  observations  made  by  the  author 
on  land  and  at  sea,  with  the  exception  of  two  examples 
of  longitude-observation  at  sea  worked  out  by  him  on 
data  recorded  by  others.  Part  I.  was  recently  condensed 
from  notes  and  written  for  the  use  of  pupils.  Part  IV. 
was  condensed  in  the  same  way  for  the  use  and  con- 
venience in  reference  of  the  author  himself  on  the  occa- 
sion of  his  services  being  accepted  as  surveyor  to  an 
expedition  intending  to  proceed  from  India  by  land 
route  to  China  under  Captain  Smyth.  This  eventually 
was  countermanded  at  the  advice  of  the  British  repre- 
sentative at  Pekin,  who  expected  a  recurrence  of  the 
fate  of  the  former  expedition  (whose  officers  were  tor- 
tured and  partially  burnt  alive),  and  wished  to  avoid 
political  difficulties  of  an  inconvenient  nature.  The 
condensed  notes  consequently  became  useless  for  that 
particular  object,  but  may  yet  answer  the  similar  pur- 
poses of  travellers  generally.  The  observations  at  sea 
were  subsequently  taken  and  have  been  since  added  to 
this  portion  of  the  book. 

The  subjects  more  specially  avoided  are,  descriptions 
of  instruments  generally  which  are  in  common  use  and 
can  be  seen,  information  and  tabular  matter  more  spe- 
cially useful  to  the  designer,  and  information  and  models 
of  plans  for  the  draughtsman  to  follow  or  imitate  ;  these 
are  subjects  distinct  from  those  more  specially  useful  to 
the  surveyor  and  setter-out.  The  adjustments  of  instru- 
ments are,  however,  explained,  and  the  necessary  know- 
ledge of  the  requirements  of  the  draughtsman  or  designer 
from  the  surveyor  or  setter-out  acting  in  accordance 
with  him  is  also  indicated  in  occasional  remarks. 
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The  object  of  the  book  is  thus  extremely  limited  in 
one  respect,  though  extensive  in  another. 

The  Surveys  shown  in  the  Plates  and  Records  have 
been  mostly  executed  by  the  author  at  various  times  ; 
but  in  some  cases,  when  his  note-books  did  not  supply 
sufficient  record  of  any  Survey  suited  to  the  special 
purpose  of  a  book  of  this  sort,  the  want  was  supplied 
by  others,  whose  kindness  is  therefore  here  acknowledged 
with  thanks.  Among  the  Route  Surveys,  the  observa- 
tions at  sea  were  his  own,  and  the  Thibetan  Routes 
Record  was  obtained  through  the  influence  of  others. 

The  particular  portions  of  the  book  containing  matter 
for  which  the  author  is  not  indebted  to  anyone  in  any 
way  are,  the  two  systems  of  ranging  curves  on  six-point 
polygonal  methods,  the  corresponding  mode  of  ranging 
a  compound  curve,  some  of  the  notes  on  telemetrical 
operations,  and  some  of  those  on  errors  in  levelling, 
more  especially  the  notice  of  reflex  refractive  action  in 
hot  climates.  In  other  respects  the  book  is,  as  pro- 
posed, an  account  of  known  or  of  modified  methods 
applicable  in  practice  ;  it  is  intended  to  be  useful  in 
occasionally  refreshing  the  memory  of  those  thoroughly 
conversant  with  all  of  them,  and  in  shortening  their 
labour  by  the  tables  and  formulae,  while  it  may  be  of 
greater  use  to  those  whose  survey-practice  has  been 
limited  to  some  one  or  two  special  branches,  or  to 
none. 

With  reference  to  its  use  to  this  latter  class  of  stu- 
dents, it  must  be  frankly  confessed  that  this  book  was  not 
written  with  the  object  of  making  a  Surveyor  out  of  an 
utterly  inexperienced  person  by  its  perusal  alone.     No 
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book  can  ever  do  this,  or  go  beyond  assisting  in  doing 
it  Surveying  is  practical  work  of  a  mechanical  descrip- 
tion, that  is  generally  acquired  by  imitating  other  per- 
sons, and  by  personal  practice  and  experience ;  it 
requires  but  little  skill  or  science,  as  it  merely  demands 
a  thorough  practical  and  theoretical  knowledge  of 
method,  and  a  competent  facility  of  execution,  com- 
bined with  care  and  judgment. 

The  knowledge  of  method  may  be  obtained  from  a 
book,  if  a  suitable  one  can  be  found,  but  the  facility  of 
execution,  the  mechanical  manipulation  of  instruments 
and  appliances,  and  general  management  in  the  field 
would  be  very  tediously  acquired  by  any  beginner  that 
entirely  dispensed  with  personal  guidance  ;  hence  the 
necessity  for  following  and  imitating  some  experienced 
person  at  the  onset,  and  at  the  same  time  learning  the 
motives  of  his  procedure. 

Such  a  person  should  evidently  neither  be  a  purely 
practical  nor  a  purely  theoretical  man  ;  for  the  former 
may  perform  his  work  automatically,  or  as  a  conjurer 
does  his  tricks,  and  leave  his  pupil  to  become  a  mere 
imitator,  a  very  probable  case  when  the  purely  practical 
man  either  plumes  himself  on  his  ignorance  of  theory, 
or  is  unable  to  explain  his  motives  ;  on  the  other  hand 
the  purely  theoretical  man,  that  has  had  little  or  no 
practice,  cannot  possibly  serve  as  a  model  for  guidance 
in  actual  work  in  which  he  is  inexperienced  ;  the  best 
guide,  and  generally  also  the  best  Surveyor,  is  hence  a 
person  both  thoroughly  conversant  with  all  theory  bear- 
ing on  the  subject,  and  also  fully  competent  in  practice, 
whose  experience  has  been  gained  in  several  branches  of 
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the  subject,  and  whose  ideas  and  habits  are  free  from 
narrow-minded  maxims  and  traditions ;  a  guide  of 
limited  experience  should  be  followed  in  his  special 
branch  only. 

In  learning  to  survey,  as  in  learning  many  other 
things,  the  first,  and  also  the  most  important  point,  is  to 
do  it  well,  the  second  to  do  it  rapidly  ;  both  exactitude 
and  dexterity  are  inherent  individual  qualities  which 
may  be  cultivated  to  a  certain  degree,  and  generally, 
though  not  always,  to  the  extent  sufficient  to  make  a 
fairly  good  Surveyor ;  a  want  of  precision,  resulting  in 
slovenly  and  useless  work  is  fatal  to  good  surveying, 
while  an  amount  of  exactitude  in  excess  of  the  require- 
ments of  the  case,  which  causes  waste  of  labour,  is 
merely  a  result  of  bad  judgment,  and  may  be  more 
easily  remedied.  Rapidity,  estimated  by  the  time  spent 
on  a  survey,  is  only  to  a  certain  extent  dependent  on 
individual  dexterity  or  rapid  mechanical  manipulation  ; 
it  also  depends  on  the  means  and  methods  employed, 
the  general  arrangements  for  work,  and  on  many  for- 
tuitous circumstances,  such  as  the  possibility  of  obtaining 
sufficient  men,  instruments,  appliances,  poles,  and  pegs  at 
the  immediate  instant  and  place  where  they  are  required, 
and  on  the  freedom  from  mistakes  and  delays  of  chain- 
men  and  subordinates  ;  extreme  dexterity  is  hence  not 
so  absolutely  necessary  in  surveying  as  good  manage- 
ment and  judgment,  while  a  moderate  want  of  dexterity 
may  be  well  compensated  by  the  latter  qualities  com- 
bined with  a  knowledge  of  expedients :  hence  accuracy 
and  knowledge  may  be  considered  indispensable,  and 
dexterity  very  advantageous,  in  survey-practice. 
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Of  these  requirements,  the  knowledge  is  the  only 
thing  that  a  book  can  supply  ;  it  was  with  this  limited 
object  that  this  work  was  written. 

The  attainment  of  the  capability  for  carrying  out 
ordinary  general  and  route  surveys,  treated  in  this  volume, 
involves  but  little  special  technical  knowledge,  and  may 
rather  be  now  regarded  as  one  of  those  acquirements 
which,  like  drawing,  should  be  invariably  comprised  in 
the  ordinary  education  of  an  English  gentleman,  as  it 
may  be  useful  at  any  time  either  in  England,  at  the 
tropics,  or  in  any  foreign  country  or  colony. 

Keeping  the  before-mentioned  purposes  in  view,  this 
book  has  been  arranged  accordingly,  special  care  having 
been  taken  that  no  exclusively  local  terms  should 
be  introduced ;  while  such  operations  as  are  exclu- 
sively confined  to  Great  Trigonometrical  Surveys,  which 
involve  the  use  of  three-feet  theodolites  and  compen- 
sating bars,  the  construction  of  towers  and  scaffolds 
40  and  50  feet  in  height,  the  clearance  of  hill-tops,  and 
miles  of  visual  ray  for  enormous  triangulations,  have 
been  referred  to  merely  as  far  as  they  give  indications 
useful  for  guidance  in  ordinary  Surveying. 

L.  D'A.  J. 

Royal  Institution^  Albemarle  Street, 
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PART  I. 

GENERAL  SURVEYS. 

CHAPTER   I. 
INSTRUMENTS    AND    CALCULATIONS. 

Section  i.    General  Explanation. 

All  Geodetical  operations  may  be  said  to  be  generally 
comprised  under  the  three  heads  of  Surveying,  Levelling, 
and  Setting  out,  or  locating. 

Surveying  generally  consists  in  taking  the  measure- 
ments and  observations  on  which  a  plan,  chart,  or  map 
of  the  natural  and  artificial  features  of  a  tract  of  land 
or  water  may  be  based  ;  although  this  does  not  strictly 
apply  to  some  special  branches,  such  as  geological 
surveys ;  the  term  itself  is  also  sometimes  used  to 
include  levelling.  General  surveys  may  be  classified  in 
three  ways:  either  according  to  the  nature  and  scope 
of  the  ultimate  object,  or  in  accordance  with  the  instru- 
ments used  in  the  work,  or  the  scale  of  the  intended  plan. 

Survey  work  of  the  highest  and  most  perfect  type 
is   known   as   Great  Trigonometrical  Surveying,  which 
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may  extend  over  many  degrees  of  latitude  and  longi- 
tude, and  even  include  a  large  region  :  as  for  instance, 
that  of  India,  of  Germany,  France,  or  the  British  Isles. 
The  utmost  precision  being  necessary  in  such  work,  the 
general  management  of  it  is  entrusted  to  scientific  men, 
with  whom  rest  the  initiation  or  adoption  of  improved 
methods,  instruments,  and  appliances  ;  while  the  carry- 
ing out  of  the  detailed  routine  work,  its  checking  and 
superintendence,  is  usually  delegated   to  inferior  men 
that  happen  to  be  naturally  well  fitted  to  adhere  to  a 
rigid  system  of  work  not  requiring  the  exercise  of  much 
judgment  or  discretionary  power.    These  systems  and 
appliances  are  fully  described  in  books  devoted  to  that 
special  subject,  which  is  beyond  the  scope  of  this  work  ; 
they  will  hence  be  merely  referred  to  here  in  so  far  as 
they  serve  as  guides,  or  afford  indications  useful  in  ordi- 
nary practice.     The  least  perfect  type  of  Survey-work  is 
termed  Military  Surveying.      It   is  conducted  on  the 
principles  of  ordinary  practice,  but  in  a  rough  manner, 
mostly  with  pocket-instruments,  aided  greatly  by  good 
guess-work ;    the  permissible  amount  of  error  in  it  is 
large,  while  extreme  rapidity  is  of  paramount  import- 
ance.    For  such   surveying   no   additional   training  or 
special  instruction  is  necessary,  although  a  knowledge 
of  strategical  requirements  is  a  valuable  adjunct. 

All  ordinary  general  survey-practice  lies  between 
these  two  extreme  types,  and  may  be  thus  classified  on 
the  first-mentioned  principle. 

I.  District  Surveys ^  of  extended  tracts  of  country. 
These  being  of  large  scope,  and  requiring  great  pre- 
cision, are  carried  out  in  style  and  method  after  the 
model  of  operation  originally  adopted  in  Great  Trigo- 
nometrical Surveys,  although  less  exact  and  cumbrous 
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instruments  and  appliances  are  used,  and  a  very  much 
less  amount  of  refinement  and  exactitude,  as  well  as 
time,  is  expended  on  them. 

2.  Parish  and  Estate  Surveys^  being  more  limited 
in  scope,  require  less  exact  instruments  and  appliances, 
but  follow  the  general  principles  adopted  in  the  filling 
in  of  Great  Trigonometrical  Survey  work. 

3.  Town  Surveys^  which  ordinarily  cover  about  the 
same  extent  of  land  and  range  of  limits  as  those  of  the 
last  class,  differ  from  them  in  requiring  greater  exacti- 
tude, as  they  have,  to  be  plotted  to  a  much  larger  scale, 
and  in  involving  a  greater  amount  of  labour. 

4.  Engineering  Surveys.  These  having  for  their 
special  object  the  future  location  of  some  work  of  public 
or  private  utility,  such  as  a  railway,  canal,  waterworks, 
drainage  works,  or  factories,  are  generally  confined 
either  to  a  long  narrow  strip  of  country  or  a  small  tract 
of  country  or  plot  of  land  ;  the  amount  of  exactitude 
necessary  being  liable  to  vary  all  over  the  ground  in 
accordance  with  its  bearing  on  future  requirements  and 
the  nature  of  the  intended  works. 

5.  Route-Surveys  have  in  view  the  limited  object 
of  producing  a  map  or  plan  of  a  route  taken  by  an 
explorer  or  traveller  either  by  land  or  sea ;  in  the 
latter  case  it  is  usually  termed  navigation,  and  consists 
in  laying  down  the  ship's  course  :  the  position  of  natural 
and  artificial  features  of  the  country,  or  of  detached 
points  of  land,  in  the  immediate  vicinity  of  the  route, 
are  also  recorded  in  these  surveys. 

6.  Mining  and  Subterraneous  Surveys  are  limited 
by  the  extent  of  actual  or  possible  future  mining  opera- 
tions, tunnels,  passages,  or  works  of  construction  ;  they 
generally  involve  a  record  of  position  or  distribution  of 
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minerals  in  the  soil,  and  of  other  geolc^cal  and  hydro- 
geological  data. 

7.  HydrograpkU  and  Marine  Survey Sy  of  rivers,  lakes, 
estuaries,  marshes,  and  coasts,  comprise  not  only  a 
general  survey  of  the  land  in  the  immediate  neighbour- 
hood of  the  water,  as  it  may  appear  under  various  con- 
ditions of  flood  and  tide,  but  also  such  a  record  or  de- 
lineation of  the  subaqueous  land,  of  currents,  soundings, 
and  depths,  also  in  some  instances,  of  quantities  of 
water,  that  the  subaqueous  formation  under  any  con- 
ditions may  be  as  thoroughly  described  in  plan  as  the 
former.  Such  surveys  are  subdivided  into  the  two 
classes  of  Nautical  and  Engineering  Hydrographic 
Surveys,  the  former  being  of  greater  extent,  the  latter  of 
greater  precision  but  within  narrower  limits. 

All  such  surveys  may  be  perfectly  independent,  and 
may  be  so  executed  as  to  suit  any  required  scale  in  the 
final  plan  ;  but  in  practice  they  are  frequently  based  on, 
or  joined  on  to,  the  results  of  previous  surveys  in 
existing  maps  and  plans ;  in  such  a  case  it  is  best  to 
adopt  a  scale  that  has  some  convenient  ratio  to  that 
of  the  existing  plan.  A  list  of  scales  for  reference 
will  be  given  in  Section  i  of  Chapter  II. 

The  following  are  the  operations  which  either  sepa- 
rately or  in  combination  are  practised  in  surveys  of 
every  description. 

1.  Direct  measurement  of  distance,  and  of  height 
and  depth. 

2.  Angular  measurement  and  taking  magnetic  bear- 
ings. 

3.  The  calculation  of  distances,  heights,  depths,  and 
angles. 

4.  The  selection  and  demarcation  of  survey  points 
and  lines. 
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5.  Recording  results  in  such  a  form  and  manner  that 
a  draughtsman  may  utilise  the  results  without  doubt  or 
dilficulty. 

6.  Astronomical  observations  for  determining  time, 
latitudes,  longitudes,  and  azimuths. 

The  various  means  and  appliances  used  in  direct 
and  angular  measurement  on  surveys  will  be  mentioned 
in  the  two  next  sections,  the  special  principles  in- 
volved in  their  construction  and  use,  the  limits 
of  their  application,  and  the  preferable  methods  of 
manipulation  and  adjustment,  occasionally  entered  into 
in  detail ;  the  corrections  to  be  applied  to  results  of 
instrumental  observation,  under  various  special  condi- 
tions will  also  be  fully  explained  and  deduced  ;  but 
definitions  of  terms,  descriptions  of  easily  visible  instru-. 
ments  and  appliances,  and  practical  directions  for  com- 
monplace manipulation,  have  generally  been  excluded 
from  this  work  as  unnecessary. 

The  two  following  sections  will  treat  of  the  selec- 
tion and  demarcation  of  survey-points  and  lines  in  the 
field,  and  give  a  collection  of  formulae  commonly  used 
in  survey  calculations  ;  the  less  frequent  or  more  special 
formulae  will  be  found  attached  to  their  appropriate  sub- 
ject or  instrument  The  subject  of  astronomical  obser- 
vations, the  adjustments  and  corrections  to  be  applied 
to  the  Transit  instrument,  and  the  necessary  formulae 
for  all  such  purposes,  are  included  in  the  Part  devoted 
to  Route-Surveys.  The  ordinary  forms  and  modes  of 
recording  survey  operations  are  fully  exemplified  in  a 
series  of  practical  field-records  suited  to  surveys  of  every 
sort,  which  are  collected  at  the  end  of  the  book,  though 
their  corresponding  sketches  or  reduced  plans  are  inter- 
spersed with  the  text  bearing  on  the  subject. 
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The  modes  of  procedure  and  methods  of  operation 
adopted  in  surveying  with  various  instruments  are 
described  in  Chapter  II. 

Section  2.     INSTRUMENTS  FOR  MEASURING  DISTANCE. 

The  instruments  and  appliances  most  generally  used 
in  measurement  of  distance,  also  sometimes  for  height 
and  depth,  are  the  following : 

1.  Steel  or  iron  chains  of  various  patterns,  plain, 
painted,  or  galvanized,  used  for  all  purposes. 

2.  Wooden  rods  or  bars,  now  mostly  used  only  in 
short  distances,  as  offset  staves  or  foot-rules,  or  in  short 
measurements  of  height  and  depth,  as  graduated  level 
staves,  and  vane  staves. 

3.  Continuous  steel  tapes,  and  woven  tapes 
strengthened  with  wire,  or  otherwise. 

4.  Wheel  pedometers. 

5.  Pacing,  with  or  without  the  aid  of  passometers. 

6.  Direct  telemeters  for  observation,  with  or  without 
the  aid  of  micrometers,  on  staves  of  known  length 
whether  graduated  or  otherwise. 

7.  Reflecting  telemeters  for  observation  to  any  fixed 
points,  dependent  on  the  length  of  the  instrument  as 
a  base  of  triangulation. 

I.  The  steel  chain  is  the  ordinary  appliance  of  the 
surveyor  for  measuring  long  distances  and  for  setting 
out  on  works  of  engineering.  In  large  District  Surveys 
the  lOO-feet  chain  is  most  convenient,  more  especially 
for  measuring  base  lines  ;  it  also  conduces  to  the  advan- 
tage of  keeping  distances  as  well  as  heights  in  feet ;  in 
such  work  where  accurate  measurement  is  necessary, 
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the  chain  may  be  supported  on  planks  or  courses  of 
brick,  and  in  hot  climates  thermometrical  observation  is 
also  necessary  to  enable  some  allowance  to  be  made  for 
expansion.  In  Parish  Surveys  the  66-feet  chain,  sub- 
divided into  100  links,  is  used,  as  it  is  more  easily 
handled  by  two  men,  and  more  convenient  for  cal- 
culating acreage ;  also  in  Railway  Surveys,  where  miles 
and  furlongs  are  sometimes  obligatory  under  the  Stand- 
ing Orders  of  the  Houses  of  Parliament,  from  its  con- 
venience in  being  the  80th  part  of  a  mile  in  length.  In 
other  surveys  where  these  latter  points  are  not  of  con- 
sequence the  50  feet  chain  is  to  be  preferred. 

Ordinary  chain-measurement  is  generally  far  from 
being  so  exact  as  is  usually  imagined.  Although  the 
chain  itself  may  be  originally  of  correct  standard 
length,  and  compared  daily  with  some  temporary  stan- 
dard marked  on  a  building,  or  kerb-edge  of  a  foot- 
way, or  checked  by  comparison  with  level  staves,  and 
straightened  or  shortened  as  required  ;  yet,  even  with 
chainmen  practised  in  keeping  the  chain  straight  and 
level,  putting  the  pins  plumb,  and  holding  the  ends  of 
the  chain  true  to  them,  Mr.  William  Burt  found  the 
average  error  was  3-J-oth,  and  sometimes  as  much  as 
Y^-oth  on  using  two  sets  of  chainmen ;  though  it  was 
only  ^-^  o^h  on  using  the  same  set  of  chainmen  and  same 
appliances  at  about  the  same  time.  (See  Key  to  the 
Solar  Compass,  page  35.)  In  ordinary  practice  the 
amount  of  error  must  comparatively  be  higher,  for 
inferior  careless  chainmen,  as  among  men  of  every 
description,  are  the  rule  and  not  the  exception ;  while 
in  foreign  countries  there  are  additional  natural  dif- 
ficulties with  them ;  the  surveyor  himself,  who  at- 
tends to  the  recording,  and  perhaps  to   instrumental 
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and  other  work  also,  cannot,  after  the  first  few  starting 
chain-lengths,   personally  attend    to   all    the  minutiae 
of  the  chaining,  or  see  that  each  end  of  every  chain, 
and  its  whole  length,  is  correctly  placed ;  he  is  hence 
dependent   on  his  chainmen  to   a  very  great  extent, 
and  this  must  cause  in  addition  to  the  above  a  high 
percentage  of  error,  unless  carefully  guarded  against. 
It   is   much  to   be  wished   that  telemetrical   observa- 
tion should  take  the  place  of  the  greater  part  of  the 
chain  measurement    in    long  distances,  which  is  both 
laborious  and  rather  uncertain,   even  when  unaccom- 
panied by  hurry.      In    setting    out,    chaining  cannot 
be  dispensed  with,  it  is  true ;  but  in  ordinary  surveys 
the    only  difficulty    seems    to    be   the   expense    and 
weight  of  an    instrument.      For   soundings    less   than 
ICO  feet  the  chain  with  a  weight  attached  is  generally 
used  ;  there  is  however  the  liability  to  rust  if  it  is  not 
galvanised.     Chains  are  marked  with  brass  distinctive 
appendages   at   every   lo   links  or    lo   feet,   most   fre- 
quently giving  numbers  i,  2,  3,  4,  from  each  end  up  to 
the  middle  where  there  is  a  round  brass  ;  this  method 
of  marking  is  liable  to  produce  error  :  it  is  better  never 
to  let  the  same  mark  recur,  but  to  number  it  from  the 
beginning  to  the  end  with  distinctive  tallies.    A  descrip- 
tion of  the  method  to  be  adopted  in  ordinary  chaining 
will   be   given   in    the    paragraph    on    Chain-Surveys. 
For  very  special  cases,  where  extreme  exactitude  in  the 
measurement  of  a  base  line  may  happen  to  be  necessary, 
a  standard  steel-chain,  having  a  known  rate  of  expan- 
sion for  temperature,  should  be  used,  and  the  method 
formerly  adopted  in  the  Great  Trigonometrical  Survey, 
before    compensating    bars    were    used,    imitated  with 
more  or  less  fidelity.      In  that  practice  the  chain  was 
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100  feet  long,  and  consisted  of  40  links,  each  half 
an  inch  square  ;  it  was  kept  constantly  strained  with  a 
56-lb.  weight,  and  laid  in  coffers  supported  by  trestles ; 
at  each  chain's  length  a  post,  carrying  a  scale  moved 
by  a  screw,  was  set  up  to  obtain  an  exact  mark  from 
which  to  measure  after  removal  of  the  chain  onwards  ; 
thermometers  were  also  used  to  ascertain  the  tempera- 
ture of  the  chain  during  the  work. 

2.  Wooden  rods  or  bars  were  at  one  time  used  in 
the  Great  Trigonometrical  Survey  for  base-measure- 
ment, and  were  also  much  used  in  ordinary  surveying 
in  measuring  long  distances ;  but  as  they  expand  or 
contract  with  damp,  which  renders  them  objectionable, 
and  are  cumbersome  to  manage,  they  are  now  super- 
seded by  the  chain,  except  in  cases  where  a  chain  cannot 
be  readily  obtained.  The  offset  staff,  having  feet  or 
links  marked  on  it  alternately  painted  black  and  white 
up  to  6  feet  or  10  links,  used  for  measuring  short  off- 
sets, is  a  useful  remnant  of  this  system.  The  level  staff, 
with  its  various  patterns,  will  be  described  in  the  chapter 
on  levelling  :  it  is  a  wooden  staff  painted  and  graduated 
to  feet,  tenths  and  hundredths,  generally  used  either  for 
giving  heights  or  depths  direct,  or  by  observation  on  it 
with  the  horizontal  wire  of  a  levelled  telescope ;  distances 
may  also  be  obtained  by  its  aid  by  observing  on  it  with 
two  fixed  horizontal  wires  in  a  level-telescope,  thus  get- 
ting two  readings,  the  difference  between  which  is  a 
measure  of  the  distance.  By  exact  setting  of  the  wires 
the  ratio  may  be  made  convenient  for  a  rapid  calcula- 
tion of  the  required  distance  from  the  intercepted  height, 
as,  a  chain  to  a  foot,  or  100  feet  to  a  foot. 

3.  Tapes,  The  steel  tape  being  continuous  is 
slightly  more   accurate  than  the   common   land-chain, 
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and  being  much  lighter  is  more  convenient  for  measure- 
ments made  at  any  height  from  the  ground  ;  it  is  also 
useful  for  long  offsets  ;  but  its  liability  to  twist  and  kink 
renders  it  easily  broken,  while  few  persons  can  any- 
where be  found  to  repair  it  With  care  one  may  be 
safely  used  for  a  long  time,  but  the  surveyor  should  not 
allow  it  to  leave  experienced  hands  even  for  a  moment. 
Woven  tapes  strengthened  with  cords  of  catgut  or  wire 
are  in  common  use  for  the  same  purposes,  but  are  far 
less  accurate,  and  are  unsuited  for  measuring  more 
than  two  tapes-length  in  one  continuous  distance  with- 
out appreciable  error.  Common  measuring  tapes  are 
altogether  untrustworthy ;  they  stretch  to  an  extent 
visible  to  the  naked  eye,  and  shrink  after  wetting. 

4.  Wheel-pedometers  record  on  a  dial-face  the  num- 
ber of  revolutions  of,  or  distance  passed  over  by,  a 
wheel  rolling  on  the  surface  of  the  ground  ;  on  very 
smooth  and  even  ground  the  results  are  moderately  fair, 
the  error  being  principally  due  to  slipping. 

5.  Pacing  and  passometers^  Simple  pacing  is,  next 
to  the  guessing  of  a  bad  estimator,  the  worst  mode  of 
obtaining  distances ;  the  inequality  of  the  paces  under 
various  conditions  combined  with  the  errors  in  counting 
render  it  most  inaccurate,  while  the  monotony  of  per- 
petual counting  makes  it  a  positive  torture. 

A  passometer  can  be  used  to  register  the  number 
of  paces  taken  ;  the  paces  themselves  can  be  best  taken 
by  some'  one  that  has  been  trained  to  take  equal  paces, 
or  has  been  under  military  training.  The  pacing  adopted 
should  be  even,  but  natural,  and  not  strained  with 
the  mistaken  object  of  conforming  to  any  arbitrary 
length  ;  some  paced  distance,  on  the  flat,  uphill  and 
downhill,  should  be  tested  by  careful  measurement  to 
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obtain  the  ratio  for  reduction  to  yards,  feet,  or  miles, 
under  these  three  conditions  of  any  future  pacings  ;  the 
ratio  should  again  be  frequently  checked.  The  passo- 
meters that  effect  the  reduction  to  miles  are  inconvenient 
for  distances  less  than  a  mile,  and  do  not  yield  very 
accurate  results  in  any  case. 

Guessing  or  judging  distance  may,  with  continued 
practice  and  checking,  be  carried  to  an  accuracy  that  is 
surprising  ;  the  main  points  to  be  noticed  are  the  rise 
or  fall  of  the  ground  and  the  direction  from  which  the 
light  falls  on  any  object  at  the  distant  point.  Some 
persons  estimate  in  yards,  others  in  their  own  paces, 
which  are  more  readily  available  for  testing  such  guesses. 

6.  Telemetrical  observation  on  graduated  staves.  A 
graduated  staff  is  held  vertically  at  the  required  dis- 
tant point,  and  its  refracted  image  is  observed  in  the 
eye-lens  of  the  telescope,  where  it  appears  cut  by 
two  horizontal  threads  or  wires  ;  the  height  of  the 
intercepted  portion  determines  the  horizontal  distance 
of  the  staff  from  the  vertical  axis  of  the  instrument. 
The  practical  development  of  this  principle  was  chiefly 
due  to  Porro,  a  Piedmontese  military  engineer.  Tele- 
meters have  been  used  in  the  United  States  Coast 
Survey,  in  a  topographical  survey  in  Schuykill  county 
from  1862  to  1865,  and  in  a  geological  and  mining 
survey  at  Cape  Breton  from  1863  to  1866  ;  the  error 
given  by  them  in  a  single  sight  of  660  feet  being 
determined  to  be  only  four  inches,  or  .^  J^  pth,  this 
mode  of  determining  distance  compares  favourably 
with  chain  measurement  under  ordinary  conditions 
where  the  error  is  about  joVo^^-  ^^^  theory  and 
principles  of  direct  telemetric  observation  of  this 
nature   are  best  explained   together  with   the  history 
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of  its  development  The  following  account  of  Porro's  im- 
provements has  hence  been  extracted  from  an  article  by 
De  S^narmont  in  the  '  Annales  des  Mines/  4th  series, 
vol.  xvi.  page  383. 

To  investigate  the  principles  involved, 
First  when    the  telescope  and  its  line  of  sight  is 
truly  horizontal, 


r — -3-^-r *i 

ft- a »!  • 


^ 


Figure  i.    Direct  Telemetry. 


Let  s  be  the  intercepted  height  on  the  staff, 


t 
a 


f 
d 


the  height  of  its  image, 

the  distance  of  the  staff  from  the  object- 
glass, 

the  distance  of  the  image  from  the  object- 
glass, 

the  focal  length, 

the  distance  of  the  axis  of  the  instrument 
in  rear  of  the  object  lens. 


Then  by  proportion   -=-,    and  by  the  general  for- 
mulaforthefociof  lenses,  ?+!  =  -,  hence  a=^f^^-\-f] 

X  J  I 

and  if  A  be  the  distance  of  the  staff  from  the  axis  of  the 
instrument 
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in  which /-f^/ is  a  constant  for  each  instrument,  varying 
from  about  12  to  24  inches. 

Secondly,  when  the  line  of  sight  is  inclined  at  a 
slight  angle  ^  to  the  horizon,  the  required  distance 
becomes 

^'=(a-f/+^/)  cos  ^ 

=/4cos2<^  +  (/-^^/)cos<^ 

==/*-:  cos^  ^  +/+  d  very  nearly,  as  ^  is  small. 

Thirdly,  when  the  graduated  staff  is  not  truly  ver- 
tical. 

Let  s  be  the  intercepted  height  when  truly  vertical, 
/  be  the  intercepted  height  when  inclined  at  an 
angle  ^, 

then  j'  =  j  cos  5, 

and  the  previous  formula  becomes 

A"=f%  cos«  ^  cos  e^-f^-d, 

hence  the  resulting  error  in  the  distance,  due  to  the 
inclination  of  the  staff  to  the  vertical,  becomes  equal  to 

A'-A'^fi  cos«  <^(i  -  cos  e\ 

=-i_cos^  9.  --  =    A  .—  very  nearly; 

Now,  if  we  take  0  roughly  in  terms  of  the  circular  mea- 
sure of  the  angle, 

when  ^=1®,  ——  =  --,    and  the  error  s= , 

180  60  7200 

when  ^=2^  ---=--,  and  the  error  =-- — ; 

1 80  30  1 800 
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hence  2^  may  be  considered  as  the  extreme  limit  for  the 
deviation  from  vertkality,  which  shows  the  necessity  of 
invariably  using  the  plumoMCt  with  the  staff. 

Porro's  modifications  of  the  ataiple  telescope  with  a 
two-wire  diaphragm  were  intended  to  obtain  an  increase 
of  field  and  of  power  in  the  telescope,  and  to  make  the 
resulting  distances  count  exactly  from  the  vertical  axis 
of  the  instrument. 

In  the  first  place,  instead  of  using  a  single  large 
object-lens,  which  would  require  a  focal  length  of  twelve 
times  its  diameter  to  eliminate  excessive  spherical 
aberration,  he  used  a  compound  lens  of  two  separate 
adminatic  object-glasses  placed  one  behind  the  other. 


Figure  2.    Porro's  Lenses. 

thus  getting  a  bright  clear  object.  Secondly,  in  order  to 
avoid  the  spherical  aberration  that  might  result  from 
observing  with  one  eye-lens  only  when  the  threads 
were  wide  apart  in  the  field  of  view,  he  used  three 
eye-lenses,  each  placed  opposite  to  a  correspond- 
ing thread  or  wire,  of  which  he  used  three ;  and 
besides,  placed  them  farther  apart'  without  involving 
error.  In  the  third  place,  he  introduced  between  the 
object-glass  and  the  threads  an  additional  lens  whose 
focus  was  at  the  same  point  as  that  of  the  object-glass, 
thus  obtaining  as  a  result  that  all  rays  after  passing 
through  the  additional  lens  become  parallel,  while  the 
sizes  of  all  objects  subtending  the  same  angle  at  the  point 
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r,  the  centre  of  anallatism,  or  unchangeableness,  are 
proportional  to  their  distance  from  c.  The  point  c  being 
then  set  in  the  exact  vertical  axis  of  the  instrument,  the 
required  objects  were  attained,  besides  the  additional 
advantage  in  observations  having  the  line  of  sight  in- 
clined to  the  horizon,  that  the  requisite  correction  on 
this  account  is  exactly  effected  simply  by  multiplying 
the  observed  distance  by  the  square  of  the  cosine  of  the 
inclination.  The  compound  telescope  above  described 
was  only  2^  inches  in  diameter^  with  a  focal  length  of 
1 5  inches,  but  had  a  magnifying  power  of  from  60  to 
80  times.  Porro  also  used  5,  or  7,  horizontal  hairs  or 
threads  in  some  instances  instead  of  three,  in  order  to 
check  errors  in  reading  the  graduations  on  the  staff,  and 
to  help  in  their  subdivision  by  the  eye,  as  well  as  to 
assist  in  cases  where  some  readings  were  obscured  by 
casual  obstruction. 

The  maximum  error  with  such  an  instrument  was 
-j-g^th  in  distances  less  than  660  feet,  and  ^  ^^  ^th  in 
distances  more  than  660  feet  up  to  1320  feet,  beyond 
which  distance  the  sights  become  useless  for  practical 
work  on  account  of  increased  error.  The  instrument 
admitted  of  testing  in  all  its  parts,  but  the  threads  were 
permanently  fixed  ;  it  is  evident  that  such  an  instru- 
ment would  require  a  good  maker,  and  perhaps  be  ex- 
pensive. 

The  further  employment  of  the  telemeter  on  the 
Schuykill  topographical  survey  resulted  in  the  fol- 
lowing practical  conclusions,  indicated  by  Mr.  Lyman 
in  a  paper  read  before  the  Franklin  Institute  in 
1868. 

1st.  That  the  additional  lenses  and  complications 
adopted  by  Porro,  to  cause  the  centre  of  anallatism  to 
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fall  in  the  exact  vertical  axis  of  the  instrument,  were 
needless,  as  the  inconvenience  from  adding  to  every 
distance  observed  a  constant  quantity,  equal  to  the  sum 
of  the  focal  distance  of  the  object-glass  and  the  distance 
of  that  glass  in  front  of  the  vertical  axis,  rarely  exceed- 
ing one  foot,  is  comparatively  trifling. 

2nd.  That  three  horizontal  hairs  or  wires  are  sufGcient 
for  all  purposes,  as  the  reading  of  the  middle  wire  affords 
sufGcient  check  on  the  other  two ;  that  fixed  are  pre- 
ferable to  moveable  wires  with  protected  adjusting 
screws ;  and  that  the  fixed  wires  should  be  so  set  that 
the  visible  height  on  the  staff  intercepted  between  the 
middle  and  either  outer  wire  should  bear  some  exact 
ratio  to  the  distance,  such  as  i  foot  to  lOO,  thus  avoiding 
calculation. 

3rd.  That  the  staff  should  be  graduated  to  hundredths 
of  a  foot. 

4th.  That,  in  combination  with  the  above  arrange- 
ments, a  telescope  magnifying  only  20  times,  and  reading 
to  the  200th  of  a  foot  at  a  distance  of  660  feet,  will 
produce  results  as  correct  as  those  of  Porro's  larger  and 
more  complicated  instrument. 

5th.  That  the  errors  arising  from  spherical  aberration 
may  under  these  circumstances  be  neglected  in  angles 
of  less  than  10**  on  either  side  of  the  focal  axis. 

Distafice-wircs,  From  these  conclusions,  it  appears 
that  a  good  level-telescope  with  three  distance  wires 
and  a  i6-feet  level-staff  are  sufficient  for  all  ordinary 
purposes,  in  distances  limited  to  660  feet  if  the  telescope 
will  read  correctly  to  one  graduation  or  y^th  of  a 
foot  at  that  distance.  The  length  of  staff  utilised  would 
be  ^ijjth  of  the  distance,  or  13*2  feet,  and  the  error 
in  reading,  lying  within  a  half  of  a  graduation  or  -^^Xh 
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of  a  foot  at  this  range,  would  thus  cause  an  error  in 
distance  of  three  inches,  or  about  g^^^^th  of  the  distance. 
Using  the  same  telescope,  which  would  give  readings 
at  increased  distances  up  to  1320  feet  with  half  of  the  ex- 
actitude before  mentioned,  the  maximum  error  in  sights 
between  660  and  1320  feet  would  then  be  double  the 
former.  If  however  a  telescope  of  superior  power  be 
used,  capable  of  reading  to  hundredths  of  a  foot  at  a 
distance  of  1000  feet,  which  every  superior  18-inch  level 
telescope  should  do  in  clear  weather,  the  maximum 
error    in    distance,  about  5   inches,  will    as   before  be 

^"'y  73V0  ^P  ^o  ^h^t  distance.  The  same  ratio  of 
maximum  error  to  distance  could  be  attained  up  to 
1320  feet  distances  with  a  still  more  powerful  telescope, 
magnifying  about  25  times. 

Under  these  circumstances  it  seems  surprising  that 
everyone  possessing  a  level  with  a  good  telescope  does 
not  have  distance  wires  added  to  the  diaphragm  by  a 
good  maker,  which  can  be  done  at  the  small  cost  of  half- 
a-guinea,  and  that  anyone  should  buy  a  new  level  without 
such  distance  wires.  It  would,  however,  be  very  much 
preferable  to  have  the  distance  lines  marked  on  a  lens, 
if  this  could  be  done  without  destroying  several  in  the 
attempt  and  thus  causing  much  expense.  Before  apply- 
ing distance  wires  to  a  telescope  for  telemetrical  pur- 
poses it  is  as  well  to  ascertain  its  magnifying  power ; 
this  can  be  best  effected  by  direct  practical  observation 
on  a  graduated  staff  with  the  aid  of  Pouillet's  reflecting 
tube.  This  tube  being  fitted  and  clamped  on  to  the 
eyepiece,  of  a  telescope  enables  the  reflected  real  image 
of  the  staff  to  be  seen  in  coincidence  with  its  direct 
magnified  image,  and  by  a  comparison  of  the  two  appa- 
rent sets  of  graduations,  the  magnifying  power  of  the 
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telescope  is  simply  and  correctly  determined.  It  then 
becomes  a  mere  matter  of  calculation,  as  before  shown, 
to  ascertain  within  what  limits  of  distance  the  telescope 
is  correctly  suitable  to  purposes  of  telemetry  under  a 
favourable  condition  of  the  atmosphere.  The  constant 
error  for  any  such  instrument  can  be  determined  by  a 
series  of  observations  combined  with  accurate  measure- 
ments to  various  distances. 

Telemetrical  observation  on  staves  ofknowtt  length, — 
The  next  development  of  the  principle  of  telemetrical 
observation  was  carried  out  in  Eckhold's  Omnimeter 
(which  like  Porro*s  Omnimeter  also  serves  as  a  theo- 
dolite), having  for   result  that  graduations  on  the  staff 


Figure  3.    Eckhold's  Telemetry. 

become  needless,  two  correct  marks  being  alone  neces- 
sary. In  this  instrument  a  telescope  and  a  microscope 
are  permanently  attached  to  each  other  at  right  angles, 
both  turning  together  in  the  same  vertical  plane,  and 
have  their  common  turning  axis  at  a  known  fixed 
height  above  a  horizontal  scale,  placed  parallel  to  the 
telescope,  on  which  the  microscope  reads.  When  the 
telescope  is  directed  first  to  the  top  or  upper  mark  of 
the  distant  staff,  a  reading  is  taken  on  the  scale  with 
the  microscope,  a  second  reading  is  taken  in  the  same 
way  when  the  telescope  is  directed  to  the  bottom  or 
lower  mark  of  the  distant  staff ;  the  difference  of  these 
two  readings  made  with  the  help  of  a  micrometer  is  the 
measure  of  the  required  distance. 
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Thus  if  5= the  height  observed  on  the  staff,  which  is 

generally  fixed  at  10  feet, 
Z?=:the  distance  of  the  staff  from  the  instru- 
ment, 
A=the  height  of  the  telescope  axis  above  the 

scale, 
/=the  length  or  difference  of  readings  on  the 
scale, 

it  is  evident  that  the  two  triangles  described  through 

the  motions  of  the  telescopic  and  of  the  microscopic 

lines   of  sight   are   similar ;    hence   if  the   distance   is 

required, 

r>     Sh       I  oh 

generally,  and  if  the  distance  be  known,  any  unknown 
height  is)  observed  at  that  distance,  is 

ID 

Also  the  height  of  any  point  at  that  distance,  either 
above  or  below  the  level  of  the  axis  of  the  instrument, 
can  be  obtained  ;  for  when  the  telescope  is  set  truly 
level,  the  microscope  reads  exactly  on  a  zero  or  point  of 
departure  on  the  scale ;  thus  this  instrument  acts  as  a 
level  as  well  as  a  telemeter,  in  the  same  operation.  The 
readings  on  the  scale,  which  is  only  about  four  inches  in 
length  may  be  made  to  six  figures,  of  which  two  are 
read  with  the  microscope  and  four  with  the  aid  of  the 
micrometer  disc.  The  mode  of  operating  with  this 
instrument  is  thus  described  by  Mr.  Eckhold  in  an 
artick  in  Spon's  '  Dictionary  of  Engineering.' 

I.  Place  the  staff  vertically  at  one  end  of  the  dis- 
tance  to   be   measured,   and   the   instrument   properly 

c  2 


20  INSTRUMENTS  AND  CALCULATIONS       chap.  i. 

adjusted  at  the  other,  care  being  taken  that  the  micro- 
meter be  set  to  zero. 

2.  Point  the  telescope  to  the  upper  line  of  the  staff, 
clamp  it,  and  read  on  the  scale  the  number  of  divisions 
shown  by  the  cross  lines  of  the  fnicroscope.  Suppose 
it  to  be  67  and  something  more,  this  is  therefore  more 
than  670000  parts  'of  the  whole  scale  of  one  million 
parts;  the  micrometer  disc  is  then  turned  either  way 
until  the  next  division  of  the  scale  is  brought  exactly 
between  the  cross  lines  that  indicate  tlie  centre  of  the 
microscope,  when  the  vernier  of  the  micrometer  may 
give  an  additional  reading  of  2035  \  ^^e  total  reading 
thus  becomes  672035  ;  but  in  case  of  the  microscopic 
reading  having  been  more  flian  67!,  the  total  reading 
would  be  677035,  as  the  micrometer  vernier  subdivides 
only  the  half  of  one  of  the  numbered  divisions  of  the 
horizontal  scaile. 

3.  Unclamp  the  telescope  and  the  microscope,  and 
observe  similarly  on  the  lower  marked  line  of  the  staff, 
but  in  the  same  vertical  plane,  obtaining  a  secoad  read- 
ing which  we  will  suppose  is  660015. 

4.  Notice  also  the  reading  for  the  point  of  departure 
on  the  scale  when  the  telescope  is  levelled  ;  suppose  it 
to  be  500010. 

The  mode  of  calculation. 

From  these  three  readings  all  the  necessary  results 
for  distance,  altitude,  and  level  are  obtained  by  the 
before- mentioned  formulae  or  proportion  ;  where  if  5= 
10  feet ;  /r  =  6  inches  =  i  500000  parts  of  the  scale,  and 
/=672  035—660015=  12  020  parts,  then  the  distance 

r,     hS      1500000x10      ,^,^^^/    , 
D^   ,  =— •? =124702  feet. 

/  12020 

And  to  obtain  the  altitude  of  the  lower  point  on  the 


SECT.  II.  INSTRUMENTS  FOR  MEASURING  DISTANCE      21 

Staff,  here  we  have  D  given,  and  the  value  of  /  in  this 
case  being  the  difference  of  readings  between  that  of 
the  lower  point  and  the  point  of  departure=  160005,  we 
obtain 

ID     160005x124702  -  r    i. 

j=--  = ^ ^'^  =133-115  feet. 

//  1  500000 

Should  the  reading  for  the  lower  point  on  the  staff  be 
less  than  that  of  the  point  of  departure,  the  altitude  thus 
obtained  will  be  negative.  The  value  of  s  may  also  be 
obtained  by  another  proportion,  thus, 


160005  X  10  ^  c    i. 

= ^ =133' 1 15  feet. 


12020 

To  avoid  dividing  the  constant  dividend,  a  small 
table  may  be  made  from  which  the  distances  may  be 
obtained  by  inspection. 

Other  points  of  importance. 

The  following  shows  the  amount  of  exactitude  that 
may  be  obtained  with  this  instrument. 

Distances  of   100  feet  exact  to  0*001  foot. 
„  1000      „  „       005       „ 

„  3^^^^^      >»  it       ^'  » 

Heights  at  a  distance  of    300  feet  exact  to  0*0005  f'^ot 

1000      „  „       0*002 

It  is  easily  seen  that  the  divisions  of  the  scale  may 
be  of  any  convenient  corresponding  length,  as  they  arc 
merely  required  to  represent  ratios ;  and  that  the  base 
scale  may  be  of  any  length,  instead  of  exactly  four 
inches,  so  long  as  it  is  divided  into  200  equal  parts,  and 
that  the  micrometer  vernier  divides  each  of  these  into 
5000  equal  parts ;  hence  the  instrument  admits  of 
modification  without  inconvenience. 
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To  determine  the  value  (A),  or  as  it  is  called  the 
base  line  of  the  instrument,  measured  from  the  point  of 
rotation  of  the  microscope  perpendicular  to  the  scale ; 
measure  very  accurately  a  distance,  say  lOO  feet,  from 
the  instrument  to  the  lo-feet  staff,  and  take  the  readings 
giving  /  as  a  difference,  hence  obtain 

/x  IOC 


A= 


lO 


But  before  thus  obtaining  this  value,  it  must  be 
made  sure  that  the  optical  axis  of  the  microscope  and 
telescope  are  in  the  same  vertical  plane,  or  rather  in 
parallel  vertical  planes,  and  perpendicular  to  each  other : 
to  effect  this  adjustment,  first  sight  a  lo-feet  staff, 
and  next  a  shorter  one,  say  of  5  feet,  at  the  same  dis- 
tance, and  try  with  the  acquired  data  whether  the  base 
line  of  the  instrument  remains  in  each  case  proportional 
to  the  distance  or  not ;  should  this  not  be  the  case,  the 
cross-lines  of  the  microscope  must  be  moved  by  the 
motion  of  their  adjusting  screw. 


Figure  4.— Instrumental  Correction. 

To  determine  mathematically  the  height  of  the  base 
line  of  the  instrument,  and  the  position  of  the  point  of 
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departure  on  the  scale,  shown  as   OH  and  RH  in  the 
figure. 

Let  RS=a,  any  distance  measured  on  the  scale, 
subtending  the  known  angle  A  ;  and  ST=b,  any  con- 
venient distance  subtending  the  known  angle  B. 

Put  the  unknown  angle  ORH=X,  and  the  unknown 
side  0S=2. 

Then  since  a  '.  z::s\a  A  ;  sin  X 
and  z  :  b ::  sin  {A  ■\- B -^ X)  :  %\n  B 

a   :  b::KnA.s\n{A+B  +  X):smX.s\nB 
h\i\.Sia{A  ->r B  +  X)  =  sm{A  +  B)coiX +co&{A  +  B).smX 
.-.  sin  M  +5)  cotg  X=  ^^!"f-C05  (A+B) 


or  cotg  A" = 


—  cotg  {A+B) 


~~b  sin  A  .  sin  {A+B) 
whence  X  becomes  known. 

and  since  jgO=<'^  "-^),^'"(^ +f  +  -^  in  known  terms. 

sin{A-^B) 

and  OH=RO  sin  X  ;  and  RH=RO  cos  ^ ;  the  values 
of  these  two  required  quantities  can  be  obtained. 

The  following  is  the  form  of  Field-book  or  record  for 
this  work  recommended  by  Eckhold. 
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The  numerous  advantages  of  such  an  instrument 
require  little  or  no  explanation,  and  the  exactitude  of 
result  being  undoubted,  the  necessity  of  measuring  and 
depending  on  carefully-measured  base  lifies  in  large 
surveys  is  entirely  obviated ;  levelling  as  well  as  mea- 
suring can  be  done  at  very  long  distances  on  inclined 
planes ;  and  having  a  constant  starting  point  for  levelling 
there  is  nothing  further  to  do  with  the  collimation  of  the 
optical  axis  of  the  telescope.  This  instrument  has  been 
used  in  railway  surveys  in  America  and  on  revenue 
surveys  in  India. 

Micrometer  Eyepieces. — In  the  same  way  that  the 
Porro  principle  with  its  complicated  eyepieces  has 
resolved  itself  into  the  simple  application  in  practice  of 
using  extra  wires  in  level  telescopes  of  high  power, 
correspondingly  the  Eckhold  principle  of  using  both 
microscope  and  micrometer  may  reduce  itself  in  practice 
to  the  simple  application  of  micrometers  to  the  eyepieces 
of  theodolites.  The  use  of  moveable  micrometer-eye- 
pieces was  first  publicly  exemplified  in  survey  work  on 
the  topographical  survey  of  Abyssinia.  The  six-inch 
transit  theodolites  used  had  eyepieces  furnished  with  a 
pair  of  micrometers  fitted  into  a  rectangular  frame, 
which  was  capable  of  being  turned  round  on  a  collar,  so 
as  to  bring  the  micrometer  wires  parallel  either  to  the 
horizontal  or  the  vertical  wires  of  the  fixed  diaphragm 
plate ;  a  division  of  the  micrometer  was  equal  'to 
about  two  seconds.  This  construction  enables  the  angle 
subtended  by  a  pole  of  known  length,  set  up  either  in  a 
vertical  or  a  horizontal  position,  to  be  measured  by  the 
micrometers ;  distances  can  thus  be  deduced  with  con- 
siderable accuracy,  either  in  base  lines  or  in  traversing  ; 
while  in  astronomical  observations  for  time  and  longi- 
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tude,  either  by  zenith  distances  or  meridional  transits, 
the  two  additional  wires,  which  may  be  used  in  either 
position,  afford  increased  accuracy  of  result.^ 

7.  Rejecting  Telemeters, — While  in  the  adoption  of 
either  of  the  two  former  principles,  a  known  distant 
height  is  required  for  observation,  in  the  one  case 
taking  the  form  of  a  level  staff  graduated  to  hundredths 
of  a  foot,  and  in  the  other  case  a  simple  vertical  rod 
with  two  marks  on  k  exactly  ten  feet  apart,  a  further 
simplification  in  this  respect  is  effected  by  the  adoption 
of  the  horizontal  or  reflecting  telemeter,  when  a  simple 
unmarked  vertical  staff,  or  vertical  line  or  edge  of  a 
building,  becomes  sufficient  to  observe  on.  The  con- 
stant quantity  in  this  case  is  the  length  of  the  hori- 
zontal hollow  bar  or  tube  constituting  the  telemeter, 
and  the  angle  observed  in  operation  being  that 
subtended  by  this  constant  length  at  the  distant  point 
or  staff,  the  distance  is  a  trigonometrical  function  of 
this  angle  and  is  obtained  from  inspecting  a  table  con- 

*  The  principle  of  the  eyepiece  micrometer  is  very  simple,  its  manipu- 
lation easy,  and  it  is  free  from  the  difficulties  involved  in  using  microscopes. 
In  applying  it  to  the  measur«ment  of  the  horizontal  angle  subtended  by  a 
marked  length  on  a  bar  held  up  horizontally  at  an  unknown  distance,  the 
micrometer  is  set  horizontal  by  means  of  the  collar.  The  field  of  view 
then  shows  two  parallel  vertical  threads,  a  horizontal  serration,  and  the 
object  with  its  two  marks :  the  fixed  thread  is  first  set  exactly  to  one  of 
the  object  marks  by  motion  around  the  axis  of  the  instrument,  through  its 
clamping  and  tangent  screws,  and  the  moveable  vertical  thread  is  set  to  the 
other  object-mark  by  turning  the  micrometer  screw.  The  reading  is  effected 
by  counting  the  number  of  intercepted  teeth  in  the  serration  for  units,  and 
reading  the  number  of  divisions  on  the  micrometer  screw  opposite  its  index 
for  tenths  and  hundredths,  the  sum  being  an  angular  measure  of  the  length 
observed.  The  total  value  of  the  reading  is  then  reduced  to  seconds,  in 
accordance  with  the  known  sum  of  the  micrometer,  and  from  this  subtended 
angle  the  distance  of  the  object  can  be  calculated,  or  obtained  from  a  table. 
In  vertical  measurement  the  mode  is  the  same.  (The  chaining  of  long, 
and  even  moderate  distances,  can  thus  be  entirely  superseded.) 


26  INSTRUMENTS  AND  CALCULATIONS       chap.  i. 

structed  to  suit  the  constant  length  of  the  instrument 
used. 

The  instruments  of  Professor  Piazzi  Smyth,  Lieut- 
Colonel  Clerk,  Otto  Struve,  and  the  optician  Adie  were 
respectively  60,  72,  73*5,  and  36  inches  long;  there  is 
also  a  small  18-inch  instrument  made  by  the  latter 
suited  to  range-finding,  military  surveys,  and  rough  pur- 
poses generally,  but  Adie's  36-inch  instrument  is  perhaps 
that  best  known  to  the  general  public. 

Its  principle  of  operation  is  that  of  taking  two 
simultaneous  observations  on  the  distant  vertical  line  or 
object  from  the  two  extremities  of  the  instrument  where 
there  are  two  object-glasses  and  two  reflecting  pristns, 
the  one  fixed  so  as  to  reflect  the  object  in  the  direction 
of  the  tube,  the  other  moveable  about  its  vertical  axis 
by  a  tangent  screw,  so  that  its  reflected  ray  may  be 
transmitted  along  the  axis  of  the  tube  in  a  reverse 
direction  :  the  reflected  rays  from  these  end  prisms  are 
received  by  a  pair  of  central  prisms  in  the  field  of  the 
telescope  which  are  reversed  in  position  and  divert  the 
rays  into  the  line  of  vision  of  the  single  eyepiece  used. 
A  horizontal  separation  in  the  field  of  view,  similar  to 
that  in  other  reflecting  instruments,  in  conjunction  with 
the  movement  of  the  tangent  screw,  enables  the  two  re- 
flections of  the  vertical  line  or  distant  object  to  be  super- 
imposed, so  as  to  form  one  continuous  vertical  line,  when 
the  scale-reading  will  give  the  required  angle.  Each 
division  on  the  fixed  scale  is  two  minutes,  and  each 
one  on  the  vernier  is  two  seconds,  the  intermediate 
minute,  if  odd,  being  shown  by  the  coincidence  of  the 
verniers.  The  index  error  requires  occasional  verification, 
as  in  the  case  of  all  reflecting  instruments  (see  Section 
on  Angular  Measurement),  and  if  it  should  be  required  to 
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effect  an  index  adjustment,  the  screws  under  the  end- 
prisms  may  be  very  slightly  moved  with  a  screw-driver 
until  it  is  correct ;  this  is  necessary  after  cleaning  the 
instrument.  The  eye  and  object  glasses,  and  the  end 
and  central  prisms,  can  all  be  easily  got  at  for  purposes 
of  wiping  and  cleaning.  Any  distance  .may  be  once 
measured  with  this  instrument  in  about  half  a  minute, 
but  a  mean  of  several  readings  is  to  be  preferred.  The 
maximum  error  in  distance  with  the  36-inch  instrument, 
is  3  inches  at  300  feet,  7^  feet  at  1500  feet,  and  30 
feet  at  3000  feet. 

The  advantages  of  instruments  of  this  type  are, 
the  doing  away  with  the  necessity  of  any  graduated  or 
marked  distant  staff  of  vertical  position  ;  and  that  in 
long  sights  the  effect  of  varied  refraction  is  annihilated 
in  results.  The  defects  of  telemeters  based  on  this 
principle  are — That  the  twice  reflected  images  in  long 
sights  lose  their  sharpness  of  outline,  and  that  the 
two  images  being  in  very  close  proximity,  if  not  over- 
lapping, excessive  nicety  of  management  is  required  to 
measure  the  required  interval.  That  any  unequal  ex- 
pansion of  the  tube,  arising  from  alteration  of  tem- 
perature, by  direct  solar  heat,  causes  curvature  and 
alters  the  angles  of  reflection,  thus  producing  consider- 
able error. 

It  seems  hence  to  be  a  reasonable  conclusion  that 
such  instruments  become  practically  useless  for  very 
accurate  survey  work,  both  in  hot  climates  and  in  very 
hot  weather  anywhere,  although  outer  cases  and  sun- 
shades may  be  used  to  mitigate  ill  effects ;  and  that 
even  in  temperate  climates  the  amount  of  accuracy  in 
result  with  instruments  as  short  as  36  inches  is  in- 
sufficient;  although    longer   instruments  of  60  inches 
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might  answer  all  practical  purposes  for  distances  up  to 
about  700  feet  or  even  more. 

While  instruments  of  this  type  might  certainly  be 
used  in  conjuction  with  reflecting  instruments  for  angular 
measurement,  it  must  be  remembered  that  when  telemetry 
is  accurate,  rapid,  and  easy,  triangulation  can  be  carried 
on  without  the  need  of  any  angular  measurement ;  while 
if  triangulation  is  required  simultaneously  with  levelling 
operations,  telemeters  on  the  vertical  refracting  princi- 
ple before  mentioned  are  much  to  be  preferred. 

The  means,  appliances,  and  instruments  more  spe- 
cially used  in  levelling  will  be  treated  in  the  chapter 
devoted  to  that  subject. 

Section   3.     Instruments    and    Appliances    com- 
monly USED  in  Angular  Measurement. 

As  the  object  of  a  survey  is  to  produce  a  delineation 
of  the  country,  district,  town,  route,  or  piece  of  land 
on  a  horizontal  plane,  the  angles  mostly  required  in  sur- 
veying are  horizontal  angles ;  vertical  angles  are  less 
required,  from  the  fact  that  elevations  on  the  earth's 
surface  being  comparatively  small,  the  angles  commonly 
subtended  by  them  are  also  small,  vitiated  by  atmo- 
spheric refraction,  and  hence  less  capable  of  direct 
observation  with  sufficient  minuteness ;  while  levelling 
operations  for  the  determination  of  direct  height  or 
depth  can  be  carried  out  with  greater  accuracy  of  result. 

Surveying  instruments  for  angular  measurement 
generally  fall  under  one  or  other,  or  some  modification 
or  combination,  of  the  three  following  types. 

I.  The  Altitude  and  Azimuth,  or  Theodolite  type  ; 
for  measuring  horizontal  and  vertical  angles. 
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2.  Repeating  Circles  and  Reflecting  Instruments  for 
measuring  angles  in  any  desired  single  plane. 

3.  Magnetic  Instruments,  for  obtaining  magnetic 
bearings,  or  angles  dependent  on  them. 

I.  Instruments  of  tlu  first  type  are  made  in  many 
sizes  and  of  various  patterns,  from  the  3-feet  theodolite, 
reading  to  fractions  of  seconds  and  weighing  about  two 
hundredweight,  of  the  Great  Trigonometrical  Survey, 
down  to  the  4-inch  theodolite  reading  to  one  minute 
which  is  used  by  surveyors  that  prefer  a  light  instrument. 
The  most  common  size  used  in  England  is  the  5 -inch 
theodolite,  which,  with  the  aid  of  a  vernier,  gives  hori- 
zontal angles  correct  within  half  a  minute  ;  the  6-inch 
theodolite  reading  to  a  third  of  a  minute  is  also  very 
common  ;  while  the  8-inch  theodolite  reading  to  10" 
is  used  only  on  very  extended  or  extremely  accurate 
work,  in  which  case  it  is  generally  of  the  transit-theodo- 
lite pattern,  and  fitted  for  rough  astronomical  purposes. 
The  patterns  in  most  common  use  are  the  Y  theodolite, 
having  a  semicircular  vertical  arc  ;  the  Everest,  having 
two  small  portions  of  vertical  arc ;  and  the  Transit- 
theodolite,  which  has  the  advantage  of  the  reversibility 
of  the  telescope  in  a  vertical  plane,  and  is  made  either 
with  or  without  any  vertical  arc  :  the  first  pattern  being 
the  most  common,  the  second  the  lightest,  the  third  the 
most  preferable  in  some  respects.  In  important  sub- 
terraneous surveys  and  tunnel  work,  transit-theodolites, 
with  a  hollow  bearing-axis,  are  generally  considered 
necessary  in  order  to  obtain  sufficient  light  from  a  lamp 
on  the  cross-wires.  They  are  generally  set  up  over  any 
required  point  or  spot  simply  by  the  help  of  a  plummet 
hanging  from  a  hook  below  the  axis  of  the  instrument, 
and  by  moving  the  legs  of  the  tripod  until  exactly  in 
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position  ;  but  in  some  there  is  a  special  appliance  fitted 
to  the  lower  part  of  the  instrument,  by  means  of  which 
a  slight  motion  may  be  given  to  it  in  either  direction,  thus 
ensuring  greater  exactitude  in  this  respect,  as  well  as 
saving  time  in  getting  the  required  position.  A  further 
advantage  may  be  obtained  by  having  the  instru- 
ment fitted  with  an  eyepiece-micrometer,  as  it  then 
can  be  used  for  direct  observation  of  distance  in 
telenietry ;  besides  that  greater  exactitude  is  afforded 
in  astronomical  observations  for  time,  latitude,  &c. ; 
this  has  been  already  noticed  in  the  section  on  tele- 
metry. 

The  setting  up  of  a  theodolite,  which  consists  in 
getting  it  into  position,  levelling  it,  and  focussing  the 
eye  and  object  lenses  of  the  telescope  ;  and  the  observa- 
tion of  an  angle,  which  consists  in  directing  the  telescope 
suitably  focussed  first  to  one  object  and  then  to  another, 
and  taking  the  difference  of  the  two  corresponding  read- 
ings on  the  horizontal  graduated  limb,  are  two  very 
simple  operations  best  learnt  by  imitation. 

There  are,  however,  two  very  common  sources  of 
error  that  require  attention.  1st.  Although  the  focussing 
may  have  been  carefully  attended  to,  and  thus  all  paral- 
lax impossible,  yet  the  cross-wires  of  the  diaphragm  may 
be  slightly  out  of  their  proper  position,  which  is  the 
exact  axis  of  the  telescope.  To  test  this,  observe  on 
any  well-defined  distant  object,  and  then  either  roll  the 
telescope  half  round  in  its  Y's,  or  reverse  it  laterally  in 
its  bearings  (according  to  its  construction)  and  observe 
again  ;  should  the  intersection  of  the  cross-wires  not  be 
exactly  on  the  same  distant  point  in  each  case,  and  this 
be  proved  the  second  time  by  careful  repetition,  the 
cross-wires  must  be  moved  by  means  of  their  respective 
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pairs  of  diaphragm  screws,  until  they  are  perfectly 
correct  and  stand  the  test.  Or,  if  it  be  preferred  to 
leave  the  cross-wires  unmoved,  each  angle  taken  must 
be  twice  observed,  the  second  time  with  the  telescope 
reversed ;  the  mean  will  be  freed  from  this  error, 
2nd.  If  there  happen  to  be  any  inaccuracy  of  division 
in  the  verniers  or  the  graduation  of  the  horizontal  plate, 
the  error  from  this  cause  may  be  nearly  eliminated  by 
Borda's  method  of  repetition,  which  distributes  the  effect 
of  these  errors  all  round  the  circle,  or  throughout  the 
length  of  the  vernier,  and  nearly  neutralises  them.  It  is 
thus.  Having  observed  an  angle  in  the  usual  way  from 
zero,  and  noted  the  position  of  the  index,  clamp  the  two 
horizontal  plates  firmly  together,  loosen  the  lower  plate, 
and  turn  them,  still  fastened  together,  until  the  line  of 
sight  coincides  with  the  direction  first  taken,  or  first  side 
of  the  angle  ;  now  clamp  the  lower  plate  and  loosen  the 
upper,  turning  it  until  the  telescope  sights  again  the 
second  side  of  the  angle ;  next  clamp  the  upper  plate 
also,  and  notice  the  position  of  the  index,  which  will 
then  give  a  reading  double  the  required  angle  as  first 
observed.  This  repetition  should  be  carried  on  to  any 
number  of  times  until  the  one  plate  has  nearly  made 
one,  two,  or  more  complete  turns  with  regard  to  the 
other ;  the  number  of  turns  being  noted,  multiplied  by 
36o^  and  added  to  the  angle  finally  read.  The  total 
divided  by  the  number  of  observations  of  the  angle  gives 
a  mean  angle  very  nearly  freed  from  this  error  as  well 
as  from  the  first  of  the  two  following  sources  of  error  ; 
and,  if  necessary  on  the  score  of  collimation  error,  the 
same  process  can  be  repeated  with  the  telescope  re- 
versed. 

A  theodolite,  either  badly  made  or  damaged  from 
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wear,  is  liable  to  two  additional  sources  of  error,  on 
account  of  which  a  correction  must  be  applied  to  any 
angles  observed  with  it. 

1.  From  want  of  perfect  parallelism  of  the  horizontal 
plates. 

2.  From  the  vertical  limb  not  moving  exactly  in  a 
vertical  plane. 

The  Horizontal  Limb, — To  test  the  accuracy  of  the 
horizontal  limb  of  the  instrument,  level  the  horizontal 
plates  very  carefully,  for  four  positions  of  the  telescope, 
across,  reversed,  and  reversed  across,  as  well  as  in  the 
original  position.  Do  the  same  again,  and  in  each  case 
where  needful  bring  the  bubble  of  the  telescope-level  to 
the  centre  of  its  run,  half  by  means  of  the  tangent  screw 
of  the  vertical  and  half  by  means  of  a  pair  of  the  thumb- 
screws ;  now,  if  both  the  plates  be  loosened  and  turned 
completely  round,  the  bubble  will  retain  its  position, 
provided  that  the  horizontal  plates  are  perfectly  parallel ; 
otherwise  the  axis  is  faulty,  and  an  instrument-maker  is 
necessary  to  put  it  right.  In  the  meantime,  however, 
the  instrument  may  be  used  if  the  following  correction 
be  made  on  this  account. 

Let  ZOy  figure  5,  represent  the  position  of  the  ver- 
tical axis  of  the  upper  plate  EABD,  and  EA'FU 
the  position  of  the  lower  plate ;  then  if  OA  and  OB 
be  the  two  positions  of  the  index  when  an  angle  is 
observed,  the  angle  A' OB'  will  be  read  instead  of  A  OB. 
Let  the  values  of  these  be  represented  by  C  and  C,  and 
the  zenith  distances  A'Z  and  B'Z  by  f  and  ?',  and  since 
the  angle  included   between  the  two  planes  ZOA'  and 

ZO^=C;  wehave 

X-    cos  C— COS  f.  cos  t' 

cos  C- .     e.     .     w — -' 

sin  f .  sin  f 
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Again,  supposing  that  when  the  index  is  at  E  the 
zenith  distance  ZE  happens  to  be  exactly  a  right 
angle;  let  the  angles  EOA^D,  EOB^U,  EOA'=B, 
EOR  =  S^  then  since  sin  90''=  i,  and  cos  90'' =0, 

Tx     cos  S       J         ^     cos  S' 
cos  Z/=-: — -,  and  cos  Z/ =— 


sin  f 


sin  r' 


Figure  $.    Instrumental  Correction  for  Theodolite. 

But  as  in  the  triangles  AEA\  BER,  A  and  B  are 
right  angles, 

cos  ^^'=-55L|=sin  ?;  and  cos  BB'=^^^  =  sm  r, 
cos  Z/  cos  D 

hence  also  sin  -^^'  =  cos  ?;  and  sin  5^= cos  f' ; 

Hence  putting -^-^=5  and  BB'  =  0^,  and  substituting, 
the  original  formula  becomes 

^    cos  C— sin  5  .  sin  ^ 
cos  C= ^ ^^ 

cos  0  ,  COS  0^ 

sin-=     /pi"  i(C^  +  g-y) .  sin  i(C--e  +  d')\ 

2         V       \  cos  5  .  COS  0'  J 

a  formula  adapted  for  logarithmic  computation.     The 

value  of  0,  with  the  aid  of  which  any  other  value  0'  may 

be  easily  deduced,  can  be  obtained  thus. 

D 


34  INSTRUMENTS  AND  CALCULATIONS       chap.  i. 

Make  the  upper  plate  truly  horizontal,  and  sight 
some  distant  object  with  the  telescope ;  turn  the  lower 
plate  through  i8o^  and  then  the  upper  plate  with  the 
telescope  back  again  through  I8o^  the  resulting  devia- 
tion of  the  line  of  sight  will  be  double  the  angle  of  error 
AOA\  Repeat  this  proceeding  around  the  whole  of 
the  circle,  until  the  exact  position  is  found  where  the 
error  becomes  a  maximum,  which  is  supposed  to  be  at 
FOFy  and  obtain  a  value  olFF  at  this  point ;  then  since 
the  arcs  are  small 

FF'  :  BF  :  A  A'  ::  sin  C-t-  C  I  sin  C  I  sin  C;  hence 
e=^Fr  sin  C,  and  ff^FF'  sin  C. 

If  the  instrument  happens  to  be  so  faulty  in  this 
respect  as  to  render  it  necessary  to  reduce  this  error  not 
for  a  single  case,  but  for  a  large  amount  of  pressing  work 
that  may  utilise  any  part  of  the  circle ;  it  is  better  to 
start  from  a  position  where  8=0,  and  calculate  a  tabular 
set  of  values  of  8'  for  position  of  every  5  degrees  all 
round  the  circle  up  to  the  maximum,  which  may  be 
interpolated  by  proportion ;  the  formula  for  correcting 
the  observed  angle  will  then  be 

2"V    I  cos  8' 

2.  T/ie  Vertical  Limb  may  not  move  exactly  in  a 
vertical  plane,  either  from  having  the  bearing  axis  of 
the  telescope  inclined  to  the  horizon,  or  from  any  of  the 
attachments  or  supports  being  ill-made,  damaged,  or 
bent.  To  test  this,  adjust  the  instrument  very  care- 
fully in  every  respect,  and  observe  in  the  vertical  plane 
of  the  instrument  on  any  well-defined  object,  as  the  top 
of  a  steeple,  or  a  star,  and  its  reflection  in  still  water  or 
in  an  artificial  horizon ;   if  the  reflected  image  is  not 
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exactiy  in  the  vertical  plane  of  the  instrument,  when  in 
adjustment,  there  is  an  important  source  of  error,  which 
will  affect  any  horizontal  angles  taken  with  the  instru- 
ment. 

Should  the  mounting  of  the  telescope  be  of  the 
transit  theodolite  pattern,  the  telescope  bearings  or 
trunnions  may  be  a  little  worn,  and  this  deviation  of  the 
turning  axis  from  the  horizontal  may  be  the  sole  cause 
of  error ;  in  some  of  these  instruments  this  may  be 
rectified,  or  nearly  so,  by  using  the  adjusting  screws 
made  for  this  purpose ;  in  larger  instruments  of  this 
kind  a  striding  level  may  be  used  for  checking  this  error, 
and  the  deduced  level  correction  applied  to  all  angles 
taken,  on  the  principle  adopted  with  transit  instruments 
in  astronomical  observation.  (Refer  to  Chapter  on 
Route  Surveys,  article  on  the  Corrections  of  the  Transit 
Instrument.)  Under  other  circumstances  and  with 
instruments  of  other  patterns  the  source  of  error  may  lie 
in  any  part  of  the  attachments ;  if  the  results  are  very 
marked,  it  is  certainly  best  to  reject  the  instrument 
entirely  until  altered  by  an  instrument-maker. 

To  investigate  the  correction  to  be  applied  on 
account  of  this  defect. 

Let  a  =  the   inclination  of  the  bearing  axis  to  the 

horizon. 
And  90®— a=the  inclination  to  the  horizon  of  the 
incorrect  vertical  plane  of  motion  of  the 
telescope. 
Let  ^  =  the  horizontally  projected  angle  error  in  an 
angle  observed  on  two  objects  differing  in 
height, 
5= the  vertical  angle  of  elevation  or  depression, 
in  the  same  case. 

D  2 
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then  wc  have  in  the  right-angled  spherical  triangle 

-       ——Q tan  0 

tan  go  '-a=—. — - 

sin  ^ 
or  sin  ^  =  tan  a  tan  0 

^=a  tan  0,  as  a  and  ^  are  very  small, 

where  if  <^  is  positive  its  value  must  be  subtracted  from, 
and  if  negative  added  to,  the  observed  angle.  In  this 
formiila  6  will  be  positive  when  it  is  an  angle  of  elevation, 
and  negative  when  an  angle  of  depression ;  a  will  be 
positive  when  the  numbering  is  arranged  from  left  to 
right,  and  the  turning  axis  of  the  telescope  is  'higher  on 
the  left  than  on  the  right,  but  negative  when  higher  on 
the  right  than  on  the  left ;  and  <^  will  be  positive  Avhen  a. 
and  d  are  of  similar  sign,  and  <^  will  be  negative  when 
they  are  of  different  sign. 

Hence  if  we  suppose  C  to  be  the  true  horizontal 
angle  after  correction,  C  to  be  the  observed  horizontal 
angle  obtained  by  two  readings  on  the  horizontal  arc 
c^  and  C3,  and  v^  and  v^  to  be  the  two  readings  above 
and  below  zero  on  the  vertical  arc, 

C  will  =  ^1—^2  — a(tan  Wj  +  tan  v^. 

To  obtain  the  value  of  the  remaining  unknown 
quantity  a,  let  us  suppose  that,  from  observing  on  a 
plumb-line,  the  turning  axis  of  the  telescope  is  found  to 
be  higher  on  the  Jeft  than  the  right,  and  a  is  positive 
when  the  angular  readings  are  c^  and  c^  as  above  ;  if  we 
now  take  a  second  observation  cf  angle  on  the  same 
objects,  after  reversing  the  telescope  and  turning  the 
upper  plate  round  180°,  and  let  c^  and  c^  be  the  two 
readings  in  this  case  ;  then  the  effect  of  reversal  of  the 
turning  axis  will  be  to  make  the  second  pair  of  readings 
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give  an  angle  that  will  be  as  much  too  small  as  the  first 
pair  gave  too  lai^e,  hence 

Cwill  =  ^3— ^4  +  a  (tan  i/^-f  tan  j/J 

and  as  also  C=c^^c^^a  (tan  i/^  +  tan  i/J 

we  obtain  from  these  practical  observations^  a  value  of  a 

2  (tan  Vy  4-  tan  v^) 

which  can  be  recorded  as  suitable  to  the  instrument ; 
from  which  the  value  of  any  error  ^=a  tan  0  may  be 
obtained  for  any  subsequent  observation  in  accordance 
with  the  circumstances  above  referred  to. 

For  example.  If  a=  +  S  minutes  ;  and  a  horizontal 
angle  be  observed  when  the  fi^rst  line  of  sight  is  directed 
at  an  angle  of  elevation  of  4-  5°  27',  and  the  second  line 
of  sight  is  at  a  depression  giving  an  angle  —2°  51',  then 

^=  +  5' .  tan  (+  S°  27')- 5'  •  tan  (-2°  5 lO 
=  +  •4749— •2486=0*2263  minutes 

As  the  difference  in  elevation  has  so  important  an 
effect  on  errors  of  this  class,  the  index  error  of  the 
vertical  arc,  if  there  be  any.  should  be  remembered  and 
occasionally  tested  by  levelling  the  telescope. 

II.  Repeating  and  Reflecting  Instrmnetits  for  angu- 
lar measurements  in  any  plane  or  direction.  Borda's 
repeating  circle  has  been  preferred  to  the  theodolite  by 
the  French  and  Swedish  Great  Trigonometrical  surveyors, 
both  on  the  score  of  its  simplicity  and  portability  and 
from  mistaken  ideas  with  regard  to  excessive  accuracy 
as  obtained  by  repetition. 

The  repeating  circle  used  by  Delambre  had  a  dia- 
meter of  about  7  inches,  each  of  the  two  telescopes 
attached  being  about   24  inches  long ;   the  circle  was 
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graduated  to  minutes  from  right  to  left  around  the  whole 
circumference,  on  its  upper  side  only,  the  telescopes  were 
capable  both  of  independent  motion,  and  of  motion  with 
the  circle  by  the  use  of  clamping  screws,  and  a  stand 
was  used  to  hold  the  instrument  in  any  required  plane. 

The  principle  of  repetition,  or  of  observing  the  same 
angle  an  even  number  of  times  and  then  obtaining  the 
mean  was  justly  depended  on  for  diminishing  errors  of 
graduation,  and  neutralising  errors  of  observation ;  but 
it  was  also  then  imagined  that  by  frequent  repetition 
up  to  20  times,  any  angle  might  be  determined  within 
a  second ;  as  however  the  graduations  only  read  to 
minutes,  and  the  telescopes  were  not  sufficiently  power- 
ful to  discern  or  divide  to  a  quarter  of  a  minute,  this 
seems  impossible. 

The  method  of  repetition  is  as  follows. 


Figure  6.     Principle  of  Repetition. 

The  instrument  having  been  brought  into  the  plane 
of  the  two  objects  X  and  F,  the  upper  telescope  Pp  is 
set  to  zero  and  directed  to  X,  the  lower  telescope  Qq  is 
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directed  to  F,  and  the  two  telescopes  are  then  clamped, 
thus  making  one  observation  of  the  required  angle  :  its 
value  however  cannot  immediately  be  obtained  as  the 
lower  side  of  the  circle  is  not  graduated.  The  instru- 
ment is  then  turned  onwards  in  its  present  plane  until 
Qq  be  directed  to  X,  when  Pp  will  fall  into  the  position 
Rr ;  and  the  instrument  is  then  fixed  in  position.  The 
telescope  Pp  is  then  undamped,  removed  from  its 
position  Rr^  directed  to  F,  and  clamped.  The  reading 
on  the  circle  will  now  be  double  the  value  of  the  angle. 
The  whole  circle  must  then  be  turned  until  Pp  points  to 
Xy  and  the  previous  process  repeated  any  even  number 
of  times,  the  circle  being  always  turned  to  the  right 
through  the  arc  pq,  and  the  two  telescopes  alternately  to 
the  left  through  the  arc  rq^  or  double  the  former.  The 
final  reading  is  divided  by  the  number  of  observations 
to  obtain  the  mean. 

The  angle  having  been  observed  in  an  oblique  plane, 
the  altitudes  or  elevations  of  the  two  objects  are  then 
observed  or  obtained,  and  the  oblique  angle  is  reduced 
to  the  horizon  by  tables  prepared  for  this  purpose,  or  by 
calculation,  (See  pp.  52  and  59  for  formulae  and  example.) 

The  advantages  of  this  principle  of  repetition  are 
obtained  in  the  Reflecting  Repeating  Circle  of  Troughton, 
an  exceedingly  convenient  instrument  for  measuring 
astronomical  altitudes  and  distances  in  arc ;  it  must 
however  be  noticed  that  there  is  always  a  constant  error 
which  cannot  be  removed  by  any  number  of  repetitions. 

The  Surveying-  or  Box-Sextant  is  used  by  surveyors, 
as  a  light  substitute  for  a  theodolite,  for  obtaining  a  few 
horizontal  angles  in  a  small  survey,  or  for  one  or  two 
casual  altitudes,  such  as  heights  of  buildings,  and  station- 
marks  ;  but  it  is  not  a  favourite  instrument  with  them. 
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owing  to  the  disadvantages  inseparable  from  reflecting 
instruments  and  the  necessary  reduction  for  obtaining 
horizontal  angles  from  the  oblique  angles  observed ; 
although  its  accuracy  of  reading  in  comparison  with 
magnetic  instruments  is  greatly  in  its  favour. 

The  principle  of  this  instrument  being,  like  that  of 
the  nautical  sextant,  so  well  known,  it  is  only  necessary 
to  mention  its  adjustments  and  tests.    They  are  : 

1.  That  the  index-glass  shall  be  truly  at  right  angles 
to  the  plane  of  the  instrument. 

2.  That  the  horizon-glass  shall  be  truly  at  right 
angles  to  the  plane  of  the  instrument 

3.  That  the  line  of  coUimation  of  the  telescope,  or 
line  of  sight,  shall  be  truly  parallel  to  the  plane  of  the 
instrument. 

The  index-glass  being  a  permanent  fixture,  any  error 
in  its  position  should  be  rectified  by  an  optician  ;  but  its 
adjustment  may  be  tested  by  setting  the  index  to  60°, 
and  looking  at  the  reflection  of  the  limb  of  the  instru- 
ment in  the  index-glass,  which  should  appear  continuous 
with  the  real  limb. 

The  position  of  the  horizon-glass  may  be  corrected 
by  means  of  the  adjusting  screws.  It  can  be  tested  by 
clamping  the  index  at  zero,  and  observing  on  a  distant 
well-defined  object,  whose  real  and  reflected  image 
should  coincide  or  appear  perfectly  continuous  ;  if  it 
should  not  be  so,  a  slight  motion  given  to  the  tangent 
screw  of  the  index  will  effect  this ;  the  index  error 
resulting  should  then  be  noted,  and  applied  to  all  sub- 
.  sequent  obsen'ations  ;  this  is  negative  in  sign  when  its 
amount  has  to  be  added  as  a  correction  to  an  angle,  and 
is  called  positive  when  its  amount  has  to  be  subtracted. 

The  telescope-bearing  or  attachment  being  a  perma- 
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nent  fixture,  the  correctness  of  its  adjustment  may  be 
tested  by  observation  on  two  objects  subtending  a  right 
angle  and  causing  the  plane  of  the  sextant  to  revolve 
slowly  around  the  axis  of  observation  on  the  reflected 
object ;  this  should  not  disturb  the  coincidence  of  the 
two  images. 

In  surveying  sextants  there  is  frequently  a  supple- 
mentary arc  and  small  mirror  below  the  index  glass  for 
observing  angles  above  1 20° ;  the  size  of  the  brass  box 
constituting  the  frame  of  the  instrument  is  generally 
three  or  four  inches  in  diameter  ;  the  latter  is  to  be 
preferred,  it  reads  to  thirty  minutes  or  to  twenty  seconds 
with  the  aid  of  the  vernier,  and  with  well-defined  objects, 
and  by  using  the  small  telescope,  which  can  generally 
be  dispensed  with,  can  be  employed  to  a  range  of  three- 
quarters  of  a  mile.  The  manipulation  of  these,  as  of 
all  reflecting  instruments,  requires  some  dexterity  and 
practice ;  the  reduction  of  oblique  angles  may  often  be 
dispensed  with  by  judicious  use  of  a  plumb-line. 

Troughton*s  reflecting  circle  is  the  best  instrument 
of  this  type  in  use  in  England ;  its  principle  and  its 
glass-adjustments  are  similar  to  those  of  the  sextant ; 
but  as  it  gives  readings  to  seconds,  and  has  three 
branches  to  its  index,  and  admits  of  reading  back- 
wards and  forwards,  and  repetition,  the  errors  of  the 
simple  sextant  become  reduced  in  it  to  one-sixth  ;  it 
will  also  measure  an  angle  up  to  1 50°. 

Its  collimation  adjustment,  or  the  setting  of  the  line 
of  collimation  parallel  to  the  plane  of  the  instrument,  is 
performed  with  two  screws,  which  also  fasten  the  collar 
of  attachment  of  the  telescope  to  the  upright  stem  on 
which  it  is  mounted.  The  collimation  is  tested  by 
observing  on  the  sun  and  the  moon,  when  they  are  about 
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1 30°  or  more  apart,  and  bringing  their  limbs  in  contact 
at  the  outside  of  the  wire  next  to  the  circle,  and  after- 
wards examining  under  similar  conditions  at  the  outside 
of  the  other  wire.  If  it  answers  this  test  the  adjustment 
is  correct. 

III.  Magnetic  Instrtiments, — The  principle  applied 
in  using  compass  bearings  for  directions  in  route  and 
small  traverse  surveys,  and  in  mining  operations,  and  in 
using  diflferences  of  bearings  as  angles  for  the  triangula- 
tion  and  detail  of  small  surveys  of  any  sort,  requires  no 
explanation.  The  forms  of  compass  used  are  the  pivoted 
needle,  and  the  suspended  needle ;  the  former  being  the 
most  common  and  convenient  generally,  while  the  latter 
is  more  accurate  and  suited  to  scientific  purposes.  The 
graduated  arc,  on  which  the  needle  reads,  is,  for  survey- 
ing purposes,  divided  into  degrees  and  parts  from  0°  to 
360°,  in  such  a  way  that  a  reading  of  90°  may  be  the 
bearing  of  an  object  lying  to  the  magnetic  east  of  the 
observer.  Sights  for  obtaining  the  accurate  direction  of 
any  distant  points,  and  telescopes,  may  be  applied  in 
very  various  forms.  A  magnifying  prism  is  frequently 
used  for  sighting  and  reading  the  bearing  simultaneously, 
in  which  case  the  graduations  and  numbering  are 
reversed  in  order ;  and  in  pivoted  compasses  a  stop  or 
lever  may  be  used  for  checking  the  vibration  of  the 
needle  or  throwing  it  off  its  pivot  to  prevent  wear.  The 
forms  of  case  or  compass  box  used  are  also  very  various. 
Formerly  compasses  were  rigidly  attached  to,  or  formed 
part  of,  most  theodolites  and  surveying  levels  ;  but  as 
they  were  seldom  used  with  them,  and  added  to  their 
weight,  they  are  now  made  to  be  readily  detached  or 
used  independently  when  required.     The  stand  used  for 
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a  surveying  or  miner's  compass  or  circumferenter  is 
generally  a  light  tripod  ;  in  the  latter  case,  low  for  con- 
venience in  galleries :  in  soft  ground  a  spiked  rod  about 
five  feet  long  surmounted  by  a  square  flat  top  or  resting 
table  is  often  preferred  ;  and  again  the  compass  is  some- 
times fixed  permanently  on  the  top  of  a  surveyor's 
crosshead,  which  is  used  on  a  spiked  rod ;  while  in  other 
instances  stands  are  entirely  dispensed  with,  the  box 
or  compass  being  held  in  the  hand  as  level  as  pos- 
sible. 

The  four-inch  box-compass  gives  readings  to  a  half 
or  to  a  third  of  a  degree,  larger  compasses  to  a  quarter ; 
the  many  possible  causes  of  disturbance  render  a  further 
exactitude  in  reading  unnecessary.  The  neighbourhood 
of  iron,  whether  in  the  form  of  lodes  or  disseminated 
iron  in  surrounding  rocks,  an  iron  bridge  or  structure,  or 
keys  and  instruments  carried  about  the  person,  may 
vitiate  observed  bearings  to  a  very  important  extent. 
Magnetic  changes  and  storms  also  affect  bearings  ;  while 
the  diurnal  change  itself  has  been  known  to  amount  to 
as  much  as  a  quarter  of  a  degree.  Under  these  circum- 
stances a  three -inch  compass  maybe  sufficiently  accurate. 

When  a  higher  degree  of  accuracy  is  required,  the 
manifest  objections  to  the  supported  pivot  are  obviated 
by  adopting  Gauss's  principle  of  suspension,  which  was 
applied  to  surveying  or  portable  purposes  by  Porro.  In 
Porro's  compass  the  needle  is  suspended  in  a  tube  by  a 
silk  thread,  which  also  is  in  a  tube  at  right  angles  to  the 
former ;  a  reflector  partaking  of  the  movement  of  the 
needle  is  fixed  at  right  angles  to  it ;  a  half  mirror  super- 
imposing a  scale,  seen  through  the  transparent  portion 
of  it,  shows  the  reflection  of  a  permanent  wire  or  fine 
thread,  whose  oscillation  and  final  position  determines 
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the  azimuth.  A  telescope  for  viewing  the  field,  and  a 
lens  focussed  on  the  graduated  scale  also  form  part  of 
this  instrument.  Considering  the  motions  of  the  needle 
to  be  referred  to  rectangular  planes,  they  may  be  said  to 
consist  of  two  pendulous  movements,  a  pitching,  a  roll- 
ing, and  an  azimuthal  movement ;  of  these  one  of  the 
pendulous  movements  and  the  rolling  do  not  affect  the 
position  of  the  reflected  image,  while  the  other  pendu- 
lous movement  and  the  pitching  impress  on  the  image 
a  swinging  motion  from  front  to  rear,  and  do  not  pre- 
vent it  from  retaining  a  position  over  the  fixed  gradu- 
ated scale ;  the  azimuthal  motion  is  hence  practically 
unaffected  by  the  other  movements.  As  to  subdivision 
of  reading,  Porro  claims  that  with  a  needle  of  40,  and  a 
thread  of  15,  millimetres,  a  bearing  may  be  read  within 
three  minutes. 

The  use  of  such  an  instrument  for  surveying  pur- 
poses must  necessarily  be  accompanied  with  a  know- 
ledge of  the  laws  of  magnetic  disturbances,  and  with  full 
information  of  magnetic  occurrences  obtained  from  the 
nearest  magnetic  observatory. 

In  any  case  the  variation  of  the  compass  should  be 
known  ;  if  this  must  be  determined  by  practical  observa- 
tion, one  of  the  methods  explained  in  the  Chapter  on 
Astronomical  Observations  in  Route  Surveys  should  be 
adopted. 

The  Portable  Transit-instrument  is  occasionally  used 
by  the  surveyor  or  engineer  to  range  in  long-distant 
and  intermediate  points  in  any  required  direction  with 
exactitude  and  precision.  Its  adjustments  are  explained 
in  the  chapter  on  Astronomical  Observation  in  Route 
Surveys. 
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Section  4.    FORMULAE  FOR  Trigonometrical  Cal- 
culations. 

While  the  operations  of  the  surveyor  aim  at  obtain- 
ing a  sufficient  number  of  distances,  angles,  and  heights, 
from  which  the  required  plan  can  be  made,  the  whole  of 
these  are  not  necessarily  measured,  as  some  may  be 
calculated  from  others.  Again,  calculation  may  also  be 
adopted  for  checking  the  correctness  of  measurement. 
The  greater  part  of  the  calculations  of  the  surveyor  are 
based  on  the  principles  of  simple  plane  and  spherical 
trigonometry,  a  few  mensuration  formulae  only  being 
required  for  calculating  areas  of  estates.  A  knowledge 
of  these  principles  and  their  application  forming  part  of 
ordinary  education,  the  reader  of  this  book  will  be  assumed 
to  possess  this  knowledge,  while  the  formulae  more  use- 
ful for  the  purposes  of  surveyor's  triangulation  will  be 
found  in  the  following  collection.  Occasional  formulae 
suited  to  particular  instances  will  be  given  throughout 
the  book  attached  to  the  case  or  special  subject  on  which 
they  bear. 

Collection  of  Trigonometrical  Formula, 

I.  Functions  of  any  two  angles, 

sin  {A  +5)=sin  A  cos  B-\-cos  A  sin  B 

sin  {A  — 5)=sin  A  cos  B—cos  A  sin  B 

cos  {A'^B)  =  cos  A  cos  5— sin  A  sin  B 

cos  {A^B)=cos  A  cos  B-\-sin  A  sin  B 

tan  (A  -|-5)=(tan  /I  +lan  5)-^(i  —tan  A.  tan  B) 

tan  {A  -5)=(tan  ^— tan  5)H-(n-tan  A,  tan  B) 

cotg  A^B={cotg  A.  cotg  B—  i)-5-(cotg  ^  -hcotg  B) 

cotg  ^— 2=(cotg  A.  cotg  -5+  I ) -J- (cotg  ^  — cotg  A) 
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sin  ^  +  sin  -5 


sin  ^  +  sin  -5 


cos  A  +  cos  B 


cos  -5— cos  A 


^    .    A-^B        A-B 
2  Sin cos 


.    •    A-B 
=  2  Sin cos 


A-^B 

=  2  COS COS 


^    .    A'-B    . 
=  2  Sin Sin 


2 

^  +  -S 

2 

>4-5 

2 

A+£ 

2  2 

=sin  (^4  +5)-j-(cos  A,  cos  -5) 
=  sin  (A  — -ff)-H(cos  -/I.  cos  -5) 
cotg -^  +  cotg -5   =sin  (^ +-5)-5-(sin -4.  sin  j5) 
cotg  5— cotg  A    =sin  (^— 5)-5-(sin  A.  sin  j5) 


tan  A  +tan  5 
tan  A  —  tan  -5 


sin^  A  - sin^  5      =  sin  A^-B.  sinA+B 

cos*  -^  —sin*  B     =cos  A—B  cos  A^B 

tan*  y^-tan*  B     =s\n~A-^B.sip~A  ^B-i-icos^ A.cos^ B) 

cotg*  ^-cotg*  A=smA"B.sin  A  +i?-^(sin*/J  sin*i5).^ 

II.   The  solution  of  triangles. 

Let  ^,  by  c  represent  the  three  sides,  and  A,  B,  C, 
the  three  angles  opposite  to  them  of  any  plane  triangle, 

'  The  algebraic  signs  of  sines  and  cosecants  of  supplements  are  the  same 
as  thase  of  the  original  angles ;  in  the  other  quadrants  the  signs  are  given 
in  the  following  table. 

o°  90°  1 80*^  270"*  360° 


'  Sine 

0 

+ 

R 

+ 

0 

— 

R 

— 

0 

1  Cosecant  . 

1 

oc 
R 

+ 

R 
0 

+ 

oc 

R 

: 

R 
0 

+ 

oc 
R . 

'  Cosine 

1 

1  Secant 

R 
0 

+ 
+ 

R 
0 

+ 

oc 
oc 

+ 

R 
0 

1  Tangent   . 

[  Cotangent 

oc 
0 

+ 
+ 

0 
R    1 

+ 

oc 

2R 

+ 
+ 

0 
R 

+ 

oc 

0 

Versine     . 
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and  let  5-=-— ,   then    the    relations    between    the 

2 

functions  of  three  angles  are, 

sin  -^=sin  B-\-  C\  cos  -^  =  —cos  i^-f-  C  \ 

^      A         ^    B'\-C       ,         *.sin^ 
tan  --=:cotg  — -— ,  and  ^=- .— 7.-  ; 
2  2  sin  £> 

^      A-B    a-b      ^    C 
tan = ;  cotg  -  : 

2         a-\-b  2 


cos  -=  v/  ( ,—     ;  sin  -=  x/  ( ; . 

2  \     ab    J  2  \        ab        J 

Small  angles  are  obtained  through  their  sines, 
tangents  or  cosecants,  and  angles  near  90°  through  the 
other  functions.  In  the  ambiguous  solution,  refer  to 
the  field  record  as  to  whether  the  angle  was  obtuse  or 
acute. 

A  right-angled  triangle  forms  a  particular  case  of 
the  above. 

The  following  formula  affords  a  check  on  the  correct- 
ness of  the  observed  inward  angles  of  any  irregular 
polygon  of  traverse. 

Let  iV=the  number  of  angles  of  the  polygon. 

Then  in  the  particular  case  of  the  angles  being  all 
salient,  the  sum  of  all  the  observed  inward  angles  should 
be  =  2iVx  90"*  —  360. 

And  if  there  be  any  re-entering  angles  the  sum  of 
all  the  salient  inward  angles  should  be  equal  to  the  sum 
of  all  the  re-entering  outward  angles. 

III.   The  calculation  of  areas, 

rr  •       1  ^d     bc.sxTi  A         — == — — , 

Triangle;     area=—  = =  ^/s,s —  a.s -- b,s—c, 

2  2 

where  d  is  the  perpendicular  from  A  on  a. 
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Parallelogram  ;       area  =^^/=fo.  sin  A^ 

where  d  is  the  perpendicular  on  b. 

Trapezoid  ;       area = (a  -f  ^)  -, 

where  a  and  b  are  parallel  at  a  distance  apart =^/. 
Regular  polygon;       area= — cotg , 

where  «= number  of  sides,  each  of  which = a. 

Irregular  figure ;       area=^f^  +/j  +/,  +/,  +  &c.  +^) , 

where    «=the    number    of    the    equidistant 

ordinates 
^= their  common  distances  apart. 
Irregular  figure  slightly  curved  (parabolic) 

area=  -(a+A+2./2+A  +  &c.  +  4./j+/3  +  &c.), 
in  this  case  n  must  be  an  even  number. 

IV.  Tlie  solution  of  geodetic  or  large  triangles  on  the 
earth's  surface. 

I.  For  limited  purposes  of  this  description,  up  to 
triangles  of  40  miles  in  length  of  side,  the  earth  is  gene- 
rally considered  an  exact  spheroid,  having  the  ratio  of 
iVo^^  for  its  polar  and  mean  equatorial  diameters, 
or  an  ellipticity  of  about  ^^,  and  a  mean  radius  of 
20  900  086  feet ;  on  this  assumption, 

Let  R  =  the  mean  radius  of  curvature  of  the  earth  in 

feet, 
P=thc  area  of  the  large  triangle  (calculated  as 

plane)  in  square  feet, 
£'=the  spherical  excess  in  seconds, 

Then  £•=  ^'^^^^  or  log  £  =  log  P-9'32SS7i. 
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2.  To  apportion  the  errors  of  observation  among  the 
angles. 

Having  obtained  the  spherical  excess,  and  using 
mean  values  of  A,  B,  and  C,  then  A-^cB-k-C  should 
ssiSo^^  +  ^ff;  and  any  small  error  indicated  should  be 
divided  equally  among  the  three  angles,  if  the  number 
of  observations  of  each  have  been  equal. 

But  if  otherwise.  Gauss's  rule  must  be  used  to 
apportion  the  error  (Z)  among  the  angles. 

Let  «  =  the  number  of  recorded  observations  of  A^ 
/,  /*,  r\  &c.  the  seconds  of  reading  of  the  several 

observations, 
w  =  the  mean  value  or  average  of  them, 
a=the  relative  coefficient  of  error  in  Ay 
jr=the  actual  amount  of  error  in  A^ 

Then  « = (>«-/)*  +  (>«-/0«  +  (>«-n'4&c. 

And  )8  and  7  the  corresponding  quantities  may  in  the 
same  way  be  found  for  the  angles  B  and  C ;  and  their 
sum  a  +  )9  +  7  obtained. 

Then  \l  y  and  z  are  the  actual  errors  in  B  and  C 

;r=  T, 3 ;  y=^  T. ^ ;   z-^T, 


a  +  )9  +  7  'a-f-)9  +  7'  'a-f^-f7 

If  a  single  angle  (Q  has  been  only  once  obser\'ed, 
an  arbitrary  value  is  assumed  for  7. 

3.  For  the  computation  of  the  sides  of  such  a  tri- 
angle, reduce  each  angle  after  correction  by  one-third 
of  the  spherical  excess  thus  calculated,  but  keep  any 
measured  side  unaltered  in  length  ;  the  remaining  two 
sides  may  then  be  calculated  by  the  formulae  given  for 
plane  triangles,  without  any  error  whatever. 

£ 
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4.  For  larger  triangles,  even  having  sides  up  to  200 
miles  in  length,  and  ill-conditioned  in  form,  the  same 
method  of  Legendre  may  be  adopted  without  error,  but 
for  such  cases  the  local  mean  radius  of  curvature  R' 
used  in  the  formula  for  spherical  excess  must  be  more 
exactly  determined  in  accordance  with  the  mean  lati- 
tude of  the  triangle. 

The  formula  for  obtaining  the  local  mean  radius  of 
curvature  {R)  in  feet  at  any  latitude  L  is 

p/__ equatorial  radius  x  (i  — (2^) 
""  i-(2^sin«Z 

where  (2= the  mean  ellipticity  of  the  earth 

_^  equatorial  radius  — polar  radius  _    ^ 
equatorial  radius  ^*^' 

The  following  are  the  results  of  Colonel  Clarke's 
computations  of  the  dimensions  of  the  earth. 

Feel  Metres 

Length  of  polar  axis  .  .  41706858  12  712  136 
Longer     equatorial     axis     in) 

longitude  15°  34'  E.  W  ^53  700     12  756  588 

Shorter     equatorial     axis     in) 

longitude  105;  34'  E.  W  ^39958      12  752  701 

Length  of  meridian   quadrant) 

of  Paris  132813524      10001472 

Length  of  minimum  quadrant|      g  g  ,0000024 

105°  34' E.  JO  //  ^ 

Colonel  Clarke  adopts  a  very  short  value  of  the  metre 
at  32°  Fahrenheit,  namely  3*28086933  feet,  while  even 
Captain  Kater  adopted  3*280899  ;  he  computes  that  the 
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earth's  ellipticity  in  the  longitude  of  Paris  is  -^^  and 
that  the  earth's  mean  ellipticity  is  ^^,  which  when 
corrected  for  local  attraction  becomes  -^^, 

The  mean  length  of  a  degree  of  latitude  in  the  longi- 
tude of  Paris  hence  is  364591  feet  or  69*05  miles;  the 
mean  diameter  of  the  earth  is  41  800  173  feet  or  79165 
miles;  and  the  mean  circumference  of  the  earth  is 
23871  miles. 

The  arc  of  the  meridian  subtending  one  second  is 
101*36  feet ;  that  subtending  one  minute  is  6081*6  feet ; 
and  that  subtending  one  degree  is  365  896  feet. 

It  may,  however,  be  noticed  that  these  data,  based 
on  the  scientific  equivalent  of  the  m^tre  at  32**,  are  much 
less  than  they  would  be  if  the  commercial  value  at  62**, 
about  3*2818  feet,  were  used 

V.  FormulcB  occasionally  required  in  geodetic  calcula- 
tions. 

1.  If  a  geodetic  base  line  {c)  consist  of  two  portions, 
a  and  d,  slightly  inclined  to  each  other,  forming  an 
angle  6, 

then  c=a'\-o ; — — . 

2{a-^b) 

2.  Reduction  to  Sea  Level. — If  the  corrected  length  of 
a  base  line  (c),  situated  at  an  elevation  (A)  above  sea  level, 
is  to  be  reduced  to  its  value  (d)  at  sea  level, 

cA 
d=^c where  r  is  the  radius  of  the  earth. 

r 

3.  Well-conditioned  Triangles. — If  one  side  of  a  tri- 
angle {a)  be  known,  and  the  three  angles  remain  to  be 
fixed  and  observed,  and  it  be  desired  to  arrange  them  so 
that  the  sides  d  and  c  may  be  least  affected  by  the  errors 

E  2 
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of  angular  observation  represented  by  a,  ^,  7,  the  result- 
ing error  in  the  side  c  will  be  equal  to 

I  s\n  B       .  sin  C .  cos  A 


a. 


(sm  B         sin  C ,  cos  ^   o\ 
sin^^''^"^      sin«^       ''^y 


and  that  in  the  side  b  will  correspond  to  this  in  form  ; 
hence  A  should  be  less  than  90®,  and  B  and  C  should  be 
nearly  equal. 

4.  The  reduction  of  a  slightly-oblique  to  a  horizontal 
angle. 

If  //  and  //  be  the  altitudes  of  the  two  objects  in 
seconds,  and  Z>=the  observed  slightly-oblique  angle, 
then  approximately  the  correction 


I 

4 


{k + hy .  tan  -  -  (>5  -  hy  cotg  ^  ^ 


cosec  I 


// 


or  more  correctly 


cos  (Z>-f  ;r)  = 


cos  Z^  — sin  // .  sin  // 
cos  // .  cos  // 


5.  The  supplementary  or  satellite  station. 

Let  A  be  the  axis  of  the  signal  or  mark  observed. 

B  and  C  the  two  neighbouring  stations  of  obser- 
vation. 

5  the  satellite  station  or  position  of  the  instrument. 

;;/  the  measured  horizontal  distance  AS, 
b  and  c  the  calculated  distances,  AC  and  AB, 
l{ BAC=-A  ;  BSC=S;  ASB=^;  ASC=^y; 

Then  ^  =5-206  264"-8  x  ;;/l^-'^-^-^^-"-^l 

{     c  b    \ 

when  5  lies  to  the  right  of  both  AB  and  AC. 

But  when  5  lies  to  the  left  of  A  C,  sin  7  changes  its  sign ; 
and  when  5  lies  to  the  left  of  AB,  sin  ^  changes  its  sign. 


>) 


>» 


>» 


»» 


Then  cotg  ^=cotg  zfi  -f       /'f "  ^    J 

V       a  sin  o.cos  Z/ 


SECT.  IV.  TRIGONOMETRICAL  FORMULAE  53 

6.  The  Distant  Triangle. 

Let  A,  B^  C  be  the  three  angles,  a,  ^,^  the  three  sides 
of  the  distant  triangle ;  and  P  any  point  at  which  the 
angles  ^  subtended  by  b,  and  a  subtended  by  a,  are 
observed;  then  the  angles  required  are  CAP=zd^  and 
CBP :=:<!> ;  whence  PA,  PB,  PC  can  be  obtained. 

LetZ=36o^-(a  +  ^+0;  and<^=Z-^; 

^.sin  a 
sin  yS.cos  Z^ 

Where,  if  Z  <   90°  but  >     0°,  cos Z  is  -f ,  and  cotg  Z  is  + , 
<  180°  „    >   90°,      „       -,  „  -, 

<270°  „    >I8o^      „       -,  „  4-, 

<36o°  „    >270°,      „       +,  „  -. 

This  problem  becomes  indeterminate  only  when  all 
the  points  P,  A,  B,  C  fall  on  the  circumference  of  a 
circle. 

7.  The  determination  of  a  distance  or  base  line  that 
is  nearly  meridional,  by  the  difference  of  the  two  observed 
latitudes  of  its  extremities. 

Let  L—L'  be  the  difference  of  latitudes  in  seconds, 
„    M  be  the  true  azimuth  of  the  base  line, 
„    d  be  the  reduced  length  of  the  base  line  in  feet, 

Then  ^/=  101*36. sec  MxiL  —  L'), 

8.  The  calculation  of  latitudes,  longitudes,  and 
azimuths. 

Let  L  be  the  given  latitude  of  any  station,  A  and  C 
the  colatitude. 
L!  be  the  required  latitude  of  any  station  By  and 
C  the  colatitude. 
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R  and   jj,  the  local  radius  of  curvature  in  feet 

and  mean  elHpticity  of  the  earth. 
M  is  the  azimuth  of  B  as  seen  from  A, 
^/=the  reduced  length  of  the  arc  AB  in  feet. 


rp,       J  _^j,_  i^/cos  M    d^,^\v?MX2Xi  L 


(i  +  (2^cos«i) 


R  sin  \"  '       2R^  sin  i'' 

And  if  ^asthe  difference  of  longitude  in  seconds, 

iV=the  azimuth  of  -^  as  seen  from  B, 

d .sin  M 


Then  G^= 


R  cos  U  sin  i" 


and  N=  lid'-M- G .  sin  i''  x  ^'"^,^"^^2 

cos  ^(Z— z. ) 

9.  The   following  however  are  approximations  fre- 
quently used  when  the  arc  ^i5  is  less  than  one  degree. 

Let  ^-ff  be  reduced  to  seconds  of  arc,  and  let  n  be 
the  difference  of  azimuth. 

Then  C-C=AB, cos  M-"^^  sin'*  J/,  tan  Z. sin  i''; 

2 

.     ^     sin  y^^.sin^  M         ^     AB.sva  M         . 
sm  6-  = — ;  or  u= —        - —  nearly  ; 


cos  L' 

T.T    cosL.sxnM         .    n 
sm  iV  = — —  :  or  sm  -  • 

cos  L  2 


cos  L' 


sin  —  .  sin  -(L  +  L). 
2  2 


VI.   The  general  formiilcB  of  spJterical  trigonometry. 

I.  Properties  of  any  spherical  triangle,  having  angles 
Ay  By  C,  and  sides  a,  by  c)  where  s  =  \{a-\'b-\'C). 

1.  Any  side  a<irr\  and  any  angle  A  <  180°, 

2.  ^  +  *  +  ^<  27r-^;  and  y4 +^+C<3'7r  and  >7r. 

3.  a-\-b>c\  a  —  b<c\  and  .4  +  i5 >  1 80°  —  C 

4.  If^-l-^=i8o°,  then  will^+5=I8o^ 
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5.  If  a  is  >  =3  or  <  *,  then  will  ^  be  >  =  or  <  A 

6.  The  polar  triangle  corresponding  to  a  right-angled 


TT 


triangle  will  always  have  at  least  one  side=-. 


II.  Fundamental  formulae, 
cos  tf — cos  b,QOS  c 


cos  A-=^ 


sin  b,^\nc 


;  sin  ^  = 


sin  ^.sin  a 
sin  b 


In  right-angled  triangles,  when  -^=90^ 

1.  cos  tf =cos  b .  cos  c ;  and  cos  fl=cotg  C .  cotg  B, 

2.  sin  r=sin  a .  sin  C\  and  sin  ^=sin  ^.sin  B, 

3.  sin  r=tan  d.cotg  B\  and  sin  d=tan  ^.cotg  C 

4.  cos  5=cotg  a .  tan  C 

III.  Napier's  rules  for  circular  parts. 

The  parts  being  the  two  sides,  the  complements  of 
the  angles,  and  of  the  hypotenuse. 

The  sine  of  the  middle  parts=product  of  tangents  of 
adjacent  parts. 

The  sine  of  the  middle  part=product  of  cosines  of 
the  opposite  parts. 

IV.  Formulae  adapted  to  logarithmic  computation  for 
any  spherical  triangle. 

I.  If  two  sides  and  the  included  angle  (C)  be  given, 

a^b 


r>    Sin  _ 

^      A'-B             2         ^   C 
tan = r .  cotg- 

sm  — ^— 
2 

a-^b 

'"'^-r-=-7T*-'^'^2 

cos — — 


•      •      •      . 


(I) 


«... 


(2) 
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sin*  ^=  sin*  ^^^t sin  tf. sin  ^. cos*- (3) 

cotg  A  sscotg  tf .  sin  ^ . cosec  C^cos  b .  cotg  C. 

2.  If  two  angles  and  the  included  side  {c)  be  given, 

A-B 
cos 

-^*=^?f5'"i <*> 

COS 

2 

.    A-B 
,    sin 

^"'-l-^T^?^-^"^ <5) 

sm 

2 

sin  ^  :  sin  ^  :  sin  c  ::  sin  yl  I  sin  ^  I  sin  6*  .  ...   (6). 

3.  Three  sides  given. 

5  C    sin  J. sin  s—c 
COS*  —  = : 

2       sin  a .  sin  b, 

J   .  5C    sin  J— tf  .sin  s  —  b  /^v 

and  sin' -= -, -—z^ (7). 

2  sm  a .  sin  b 

4.  Three  angles  given. 

Apply  the  last  formula  to  the  corresponding  polar 
triangle. 

5.  Two  angles  and  an  adjacent  side  given. 

These  are  ambiguous  cases;  use  formulae  (6)  and  (i) 

or  (3). 

Formulae  specially  suited  to  astronomical  purposes 

will  be  given  in  the  Section  on  Astronomical  Obser- 
vations in  Route  Surveys. 
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Section  5.    SOLUTIONS  AND  Examples. 

The  greater  portion  of  the  foregoing  formulae  are  so 
well  known  as  not  to  require  proof,  and  are  so  simple  in  ap- 
plication to  the  general  purposes  of  calculating  distances 
as  not  to  require  examples.  A  few  of  them  however,  that 
are  not  so  often  used,  require  illustration  by  example  for 
the  convenience  of  reference.     (See  pages  49  and  50.) 

The  solution  of  a  large  triangle ;  taking  an  example 
from  the  *  Encyclopaedia  Britannica.' 

In  a  triangle  ABCy  at  a  mean  latitude  of  55°  40' 
the  arc  ^=352037*62  feet,  and  the  following  are  the 
observations  of  the  angles. 


A.  56^  43'  29''-97 

27*04 
2872 


B.  79°  42'  28"-69 


a  43°  U  38"-36 
35-43 


Means,  56^43'  28"-s8  79*^  42'  28"-69  43°  34'  36''-89 
and  the  local  mean  radius  of  curvature  of  the  earth  is 
assumed  =  20  946  862  feet. 

First.     To  determine  the  spherical  excess. 

Computing  approximate  values  of  a  and  ^, 
^=^.sin  -^  .cosec  ^=426  970  feet 
^=^.sin  ^. cosec  C=  502  480  feet 
and  the  area  of  i4.j5.C=^^.^.sin-^  =73  945  oooooosq.ft. 

. ,        ,     .    I              rr      area  x  648  000      ^  „  ^^ 
.'.  the  spherical  excess ^= — ; -^  ^^  ,^=  34  70. 

^  TT.  (20946  862)2 

Secondly,  Let  it  be  required  to  apportion  the  errors 
of  observation. 

Using  the  mean  values  of  the  angles  before  given, 
/4+-5+C=i8o°  o'  34''' 1 6,  but  the  spherical  excess 
+  180''=  180°  o'  34^76,  hence  T,  the  total  error  to  be 
apportioned  is=  — o"'6o. 
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Then  using  the  formula  with  reference  to  the  angle  ^, 
^^i-39*+i-54'+oi4'^o.g6,, 

^=  lO,  as  there  is  only  one  observation, 

and  a+i8  +  7=i3-37. 

.   ^^0'6oxo'96i^^,,       ^^j  ^  =  56"  43'  28''-62, 
13-37 

^"^73^     =o"-46,andi9=79^42'29--i5. 

^^062^^1^^^.^^^  and    C=43^  34'  36''m 
1337 
these  values  oi  A^  By  and  C  being  the  corrected  values. 

Thirdly,     To  compute  the  true  values  of  a  and  b. 
These  corrected  values  of  the   three  angles,  when 
reduced    by   one-third    of   the    spherical    excess,   viz. 

^4l7_  —  1 1 "'59,  become, 

^'=56^43'  i/''03 
B'^7(f  ^2'  i7''-56 

C'=43'34'2S''-40 

And  using  these  as  for  a  plane  triangle,  having  the  given 
side  r=352  037*62  feet,  we  obtain 

a=^.sin  -^'.cosec  C= 426  974*06  feet 
^=^.sin  ^'.cosec  C=S02  504*42  feet. 

The  proofs  or  solutions  of  the  formula  by  which  this 
example  is  worked,  are  beyond  the  scope  of  this  work  ; 
they  consist  of  principles  adopted  by  Gauss  and 
Legendre,  and  since  then  in  common  application  every- 
where. 
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The  reductioft  of  oblique  angles  to  the  plane  of  the 
horizon.     (See  page  52.) 

Solution.     Let  D  be  the  observed  oblique  angle, 
Z?  +  ;r  the  corresponding  horizontal  angle, 
h  and  h'  the  two  small  angles  of  altitude, 

cos  Z>— sin  A .  sin  A'     cos  D—h .  h' 


Then  as  cos  D-\-x^ 
nearly 


cos  h .  cos  A' 


cos  h  .  cos  h' 


and  as  cos  D-\-x=cos  D  cos  ;r— sin  Z>.sin  x 

=  cos  Z?— ;ir,sin  Z?  nearly 


and  as 


cos  h .  cos  h' 


i-i(A^  +  A'^)  +  &c. 


(-^M(-?-^') 


=  I  +  |(A» +  //*)  nearly. 


.-.  -t.sinZ'=cosi?-(cosZ>-A.A'){i  +  ^(A»+//»)} 
-=yW'-i(A«+A'*)cosZ> 
=i{(A+>l')«_(A_A')«-[(A+A')''  +  (A-^')']«:osZ>} 


•     X'=- 


(//+/6')«(i  -COS  ^-(A--4')*(l  +COS  ^1 


4  sin  ^ 
=  i  { (//  +  A')»  tan  -  -<A  -  A')«  co^- 1 

4  V  2  2  ^ 

when  X  is  taken  in  circular  measure ;   but  if  taken  in 
seconds, 

:r=z^555^'((A  +  A7tan  ^.  --{h^-hj  cotg  ^[ 

4  ^  2  2     ' 

Example,  using  the  more  precise  formula 

cos  jD— sin  h .  sin  // 


cos  J9  +  ^= 


cos  A .  cos  A' 


6o  INSTRUMENTS  AND   CALCULATIONS       chap.  i. 

Let  Z>=  SO°,  A=  i^  h!  =  1^30'. 

/  cos  so**        T-8o8  0675     0-642  78/6 

/sin  I**  2241  8553 

/sin  i**3o'      2-4179190 

4*659  7743     O'ooo  4569 

r8o7  7587    0642  3307 
log  sec  I**  0'OOOo662 

log  sec  I*'  30'      0000  1488 

/  cos .  so**  o'  37''  T-807  9737 

hence  Z?  +  :t:=SO**  o'  37''. 

The  supplementary  station : — or  tlu  reduction  to  tfu 
centre.     (See  page  52.) 


A 
Figure  7.     Supplementary  Station. 

Solution,  Let  A  be  the  position  of  the  station  mark 
observed  from  B  and  C,  and  5  the  position  of  the  instru- 
ment, or  supplementary  station,  then  if  A,  By  C  he  the 
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three  angles,  a,  b,  r,  the  three  sides  corresponding,  and 
B  and   C  be  observed,   one  value   of  A    is  obtained 

=  i8o**— 5-hC,  and  if  a  is  known,  b  and  c  can  be  calcu- 
lated on  this  assumption.  To  verify  the  value  of  A, 
measure  AS=m  a  very  short  distance,  also  the  angles 
BSC=S,  ASB=fif  ASC=y;  and  suppose  the  very 
small  angles  ABS,  ACS  to  be  represented  by  x  and  j. 

Then  as  A=^BDC—x=S—x-\'}fy 

and  as  the  values  of  ;r  and  j/  in  circular  measure  are 

nt.sin  6            .          m  sin  7 
;ir=sm  x= —  ;  j/=sm^= — '  ; 

c  b 

A^Q  _^^  sin  )8     m  sin  7 
r.sm  r      ^.sm  r 

Example.  Let  5C  =  rt:  =  2CX)D  feet ;  and  let  the 
observed  angles  ABC^B  and  ACB=C,  be  respectively 
60**  and  50®  ;  let  the  distance  of  the  satellite  station  5 
from  ^  be  10  feet ;  and  the  angles  observed  at  ^'  be 
^55=90^  BSC^jd"  14'  45' ;  required  the  angle  ^^C. 


Now  using  the  value  of  BA  C=  180° -^+  ^=70° 
the  side  r=sin  50**  cosec  70°  x  2000=  1630*42 
the  side  ^=sin  60**  cosec  70**  x  2000=  1843*21 

And  ^  =  5^10  cosec  ,^Wsjn9o!.sin  19J  45^  15"] 

1 1630-4  1843*2        ) 


630-4 
the  logarithmic  calculation  of  which  is 


/cosec  i" 
log  10 
log  sin  90° 
log  1630*42 
1265- 


5-3144251 
r 

O' 

3212  2982 
3*102  1269 


/.  cosec  i'^ 

log  10 

/.sin  I9°45'i5 

log  1843-21 
378 


// 


5-3144251 
I- 

1-528  8976 
5-843  3227 
3-265  5748 

2-S77  7479 
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Hence  A  =70*'  14'  45''- 1265''  +  378" 

=70^  14' 45"-     iA'A7" 

=69°  59'  58'',  thus  checking  the  above  value  ;o' 

The  distant  triangle.     (See  page  53.) 

Solution.— \Jsmg  the  terms  given  with  the  formulae. 


in  ^^-P^sin  a .  ^^^    .   gmj^^-sin  a 
a  ^mQ    a  sin  )8 


sm 


.    ^     PCsin  i8 
sm  ^= — i- 


c-  .     71 r      COtg  ^.COtg  A— I 

Smce  cotg  9TA= — ^    zi  .      7  ^ 
^        ^       cotg  5  +  cotg  </) 

__sin  ^.sin  <^.(cotg  6  cotg  <^~  l) 

sin  0-f  <^ 

_cotg  B  sin  ^  cos  <^  — sin  ff.sin  <^ 

sin  ^  +  <^ 

_cotg  ^.sin  ^4^.  —cotg  Q  cos  Q  sin  <^  — sin  ff  sin  <^ 


.-.  cotg  ^  =  cotg  ^4-<^  + 


=  cotg  5+<^ 


sin  ^+<^ 

(cos^  ff  +  sin^  &)  sin  <^ 
sin  ^  +  <^.sin  6 

^.sin  g 
a. sin  yS  cos.^-f</> 


1  + 


Example,  Let  the  given  triangle  -^^C  have  its 
three  angles,  C=70^  -^=60^  5=50°,  and  its  sides 
^=2000  feet,  ^=1630*42,  a=  1843-21  ;  and  the  angles 
observed  at  P  be  respectively,  a  (subtended  by  a) 
=  1 1**  9'  10"  and  ^  (subtended  by  *)  =  23°  40'  o" 

Then  5  +  <^=36o*-70°-34°  49'  io"  =  2SS**  10'  50". 
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The  calculation  with  the  formula  for  the  angle  CAP  is 


log  1630*42 

log  sin  II**  9'  10' 


=  3-212  2982 
=1-2865144 


2498  8126 

log  1843-21 

=  32655748 

log  sin  23°  40'  d' 

=  1-603  5897 

log  cos  75"*  10'  50" 

=7-407  8561 

2-277  0206 

—  1-66645  • 
I' 

0-221  7920 

—0-66645  . 

1-823  ^6^6 

log  cotg  75**  ID'  50'' 

"i  422  5480 

—cotg  80°,  or  +cotg  lOO**  1-246  3156 

And  as  the  last  term  will  be  negative,  involving  a  cosine 
of  an  angle  greater  than  180°,  and  less  than  270;  and 
as  the  whole  expression  also  becomes  negative,  the 
angle  5.  will  be  100°,  as  calculated  and  shown  by  sign, 

and  PC^b.swi  100**.  cosec  23**  40^=4000  feet. 

PA  and  PB  may  hence  be  easily  obtained. 

The  calailation  of  latitudes^  longitudes^  and  azimuths. 
(See  page  54.) 

Example,     From  the  English  G.  T.  Survey,  ii.  p.  88. 

In  the  triangle  ABC, 
Given,  L  the  observed  latitude  of  -^  =  50**  37'  7*3  North 

the  observed  longitude  oi B=  i®  1 1'  36'' 
M,  the  azimuth  of  B,  as  seen  from  A  =84°  54'  525  NW. 

and  d,  or  the  arc  ^^=314  397*5  feet. 

Required  the  latitude  of -ff,  the  longitude  of -^,  and 
the  azimuth  of  ^  as  seen  from  B, 
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In  this  case  Ry  the  mean  radius  of  curvature  at  yl,  is 
assumed  to  be=20  963  000,  and  1 4-  G*  cos*  Z=  roo2  57 
and  the  logarithmic  calculation  for  difference  of  latitude  is 

log  (i  +  Q^  cos*  Z)=oooi  1600 


logdf 
log  cos  M 

\ogR 
\og  sin  i" 


=  5-4973548 
=  89476336 

Sum        4*446 1484 

7-3214534 
4-685  5749 


Sum 
Comp. 
274"-87 


2*0070283 
79929717 
2*439  1 20 1 


log  ( I  ^'  Q^cos^L)^  O'ooi  1600 


log^ 
log  sin^  M 
log  tan  L 

logR'' 
log  2  .  sin  I 


=  10*9947096 
=  9*9965742 
=  0*085  7300 

Sum         1*0781738 


=  4*6429068 
=  4*9866049 


// 


Sum         9*6295117 

Comp.      9*3704883 

28''*  10         1*4486621 

/.-Z'=-274"*S7-f  28"*io=-4' 6"*77 

r  =  5o°  3/  7"-3+4'  6"*77  =  50^  41'  i4"-07. 

and  the  logarithmic  calculation  for  difference  of  longi 

tude  is 

d  sin  M  sec  L' 
^sin  i" 
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log^  =  5-4973548 

log  sin  M  =s  9*998  2871 

sec  Z'  =01982168 

Co  log  R  sin  i"=7-992  97i7 

(G)4862'''2  36868304 

or  the  difference  of  longitude  is  i**  21'  2"'2 
the  required  longitude  is  1°  11'  36"+  i**  2V  2"-2 

=  2^*32'  38"-2. 

In  this  case  the  value  of  G  found  from  the  survey 
was  I**  2/  46"*4  ;  the  error  of  15 "'8  in  the  above  calcu- 
lation being  due  to  erroneous  assumption  in  the  length 
of  the  degree,  which  makes  all  the  longitudes  on  the 
southern  coast  of  England  too  small. 

The  logarithmic  calculation  for  azimuth  is 

G ,  sm  I  'sm  — ■ —  sec 

2  2 

log  G  =  3*686  8304 

log  sin  ^{L  +  L')=g'SSS  3650 

log  sec  i(Z— ZO=oooooooi 

376o"o6        3-575  1955 
A^=  180^-84**  54'  52"-5-i*'  2'  4o''-o6=94*'  2'  27'''^ 

The  observed  angle  in  this  case  was  94°  2'  22"*7S, 
the  discrepancy  of  4'^'69  being  due  to  the  error  in  longi- 
tude before  mentioned. 

Adopting  the  same  data  for  exemplifying  the  approxi- 
mate for  mulce. 

Difference  of  latitude 

=AB  cos  M-^^^  tan  L .  sin*  M.  sin  i", 

2 

here  arc  AB=—^=^^^^%^  =  3ioi'\ 

101*36       101*36 

C  and  C  are  the  colatitudes, 

F 
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and  the  logarithmic  calculation  is 
log  AB     =3'49i  49  log  A&     =6*982  98 


log  cos  J/=  8*947  63 
274"-87     243912 


log  sin^  JI/=  1-996  58 
log  sin  i"  =4-685  57 

log  tan  Z.  =0*085  73 

sum 

log  2 

28''*66 


175076 
0*301  03 


I '449  73 
,'.  the  required  difference  of  latitude=274"-87  — 28''-66 

=  246'''2I. 

Z'  =  So**37'7"-3+4'6-2i  =  5o^4i'  i3''Si. 
And  for  difference  of  longitude, 

Difference =^^  sin^  M ,  sec  L 

log  ^^=3*491  49 

2  log  sin  J/ =9*996  58 

log  sec  Z'  =  0*198  22 

4856"         3*686  29 

or  the  difference  of  longitude  is  1°  20'  56'', 
and  the  required  longitude  is  1°  11'  36''+  i*"  20'  56" 

=  2°  32' 32". 
The  approximate  calculation  of  difference  of  azimuth 

Sine  half  difference=sin  —.sin  AL-^L) 

2  2^  ' 

here -=0°  40'  28'^  and  i(Z  +  Z0  =  SO°  39'  io''*68 

1.  sin    0°  40'  28"  =  8070 81 
1.  sin  50°  39'  II"  =  9*888  36 

1.  sin    0°  31'  i8''  =  7*9S9  17 
hence  .V=  180^-84°  54'  52''*5-i°  2'  36''=94^  2'  3i"-s. 

The  exemplification  of  the  use  of  the  approximations 
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proves  that  they  have  been  applied  to  a  case  sh'ghtly 
beyond  their  powers,  as  laid  down  by  the  limit  given 
with  the  formulae,  for  the  arc  exceeds  one  degree. 


Section  6.    Demarcation  of  Survey  Points. 

The  selection  of  survey  stations,  base  lines,  and 
survey  lines,  has  necessarily  to  be  suited  to  the  descrip- 
tion of  survey  contemplated ;  while  the  form  of  record 
must  again  be  in  accordance  with  the  results  obtained 
with  the  various  instruments  that  may  be  adopted :  in- 
formation on  these  points  will  be  given  attached  to  the 
various  sorts  of  survey  afterwards  described,  and  models 
or  examples  of  forms  of  record  also  given  in  every 
requisite  case. 

The  mode  of  demarcation  of  the  various  survey 
points  must  be  in  accordance  with  the  time  the  marks 
will  have  to  last,  the  nature  of  the  ground  on  which 
they  have  to  be  placed,  and  their  liability  to  removal 
or  disturbance. 

The  temporary  marking  of  intermediate  chained 
distances,  offset  points,  and  such  details  is  effected  by 
pins,  or  skewers,  which  are  best  if  accompanied  with 
numbered  tallies  indicating  the  chainage  for  the  end  of 
any  complete  chain  ;  or  by  *  whites,*  which  are  cleft- 
sticks  holding  little  bits  of  white  paper,  on  which  any 
pencilled  number  can  be  written.  If  the  soil  is  not  soft 
enough  for  these  to  stick  in  it,  a  cross  is  scratched  to 
indicate  the  exact  mark,  and  the  pin  or  stick  is  laid 
down  with  its  point  at  the  mark. 

The  distant  points  required  for  ranging  the  direction 

of  measurement,  or  for  angular  observation,  are  painted 

poles  shod  with  iron  ;  if  the  distances  are  not  very  long 

F  2 
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eight- feet  poles,  and  for  longer  distances  1 2-  and  even 
20-  or  25-feet  poles  may  be  necessary,  which  then 
require  rope  stays.  The  shorter  poles  are  painted  in 
alternate  lengths  of  black  and  white,  the  longer  have 
the  top  painted  and  a  red  flag  attached.  They  should 
be  set  truly  vertical,  and  so  fixed  as  to  remain  so.  The 
loss  of  time  from  often  having  to  send  men  long  dis- 
tances to  "reset  poles  on  windy  days  may  be  very  great. 
For  very  distant  points  in  lai^e  triangulations,  a  signal 
pole  with  flag  attached  may  be  set  up  in  a  tree,  and 
firmly  bound  to  two  or  three  branches  ;  the  station  point 
corresponding  to  it  is  then  carefully  plumbed  down  to 
the  ground  and  marked,  if  angular  observation  from 
that  point  is  necessary.  Spires  and  towers  do  not 
generally  answer  such  purposes,  as  they  involve  satellite 
stations  of  observation  ;  but  these  as  well  as  other  per- 
manent well-defined  objects,  such  as  corners  of  build- 
ings, are  well  suited  as  distant  ranging  points  ;  and  more 
important  survey  lines  may  sometimes  be  conveniently 
ranged  in  the  direction  between  two  such  objects.  When 
survey  lines  cross  fences  or  walls,  the  crossing  points 
may  be  notched  with  a  chisel,  or  painted. 

Survey  station-points  are  marked  with  pegs  or  stakes, 
if  they  are  likely  to  be  required  after  removal  of  the 
temporary  poles  ;  their  position  with  reference  to  sur- 
rounding objects  is  measured  and  noted  in  the  field-book, 
or  failing  these  means,  four  pegs  are  so  placed  and  driven 
in  that  the  intersection  of  the  diagonal  measurements 
between  them  may  fall  at  the  station  point.  For  preci- 
sion the  exact  point  may  be  pencilled  by  a  cross-mark 
on  the  top  of  the  stake  and  marked  with  a  nail.  If  any 
such  marks  are  required  to  remain  permanently  the  pegs 
should  be  driven  flush  with  the  ground ;  or  for  greater 
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permanence,  a  marked  tile,  brick,  or  small  block  of  stone 
should  be  buried  flush. 

All  faulty  or  incorrect  survey  marks  should  invari- 
ably be  removed  or  completely  obliterated. 

Several  sets  of  marks  may  have  to  be  made  over 
the  same  country,  as,  for  instance,  first,  the  survey 
marks ;  secondly,  level  marks  ;  and  if  proposed  works 
follow,  thirdly,  setting-out  marks  for  position ;  and, 
fourthly,  setting-out  marks  for  level.  To  prevent  con- 
fusion, sufficient  distinction  should  be  made  in  pegs  or 
stakes  belonging  to  the  various  series  ;  some  may  be 
round,  some  square,  and  again  the  sectional  dimensions 
may  be  made  to  vary  in  each  set ;  or,  again,  they  may 
have  their  tops  diversely  painted. 

Permanent  floating  stations  are  marked  by  buoys 
having  some  special  mark  or  short  pole.  As  they  deviate 
with  the  tide  and  wind,  however  well  they  may  be 
moored,  the  amount  of  possible  deviation  should  be 
recorded  in  each  case.  Temporary  or  intermediate 
floating  stations  are  left  unmarked  ;  their  position  is 
generally  determined  by  three  or  four  angles  taken  with 
the  sextant  to  surrounding  permanent  marks ;  these 
should,  if  possible,  be  observed  simultaneously. 

Very  distant  stations  in  survey,  that  happen  to  be 
rarely  visible,  are  best  observed  at  night,  lamps  being 
set  for  this  purpose  ;  or,  in  bright  weather,  the  heliostat 
must  be  used  in  the  daytime  with  the  same  object.  A 
three-inch  mirror,  set  on  a  tripod  stand  over  the  exact 
station-point,  is  sufficient  to  answer  the  purpose  of 
giving  the  flashes. 
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CHAPTER    II. 

SURVEYING  OPERATIONS. 

Section  i.    Methods  of  Procedure. 

There  are  four  principal  methods  of  procedure  in  sur- 
veying by  which  the  position  of  a  number  of  points, 
requisite  to  obtain  a  sufficiently  close  and  adequate 
representation  of  the  features  of  the  country,  and  the 
natural  and  artificial  objects  there  existing,  may  be 
determined  for  record,  and  finally  reduction  to  plan. 

These  modes  of  procedure  may  be  adopted  either 
severally  or  in  conjunction  with  each  other,  whether 
measurement  or  calculation  or  both  happen  to  be  the 
means  of  carrying  out  these  modes.     They  are  : 

1.  By  distances,  or  distances  and  offsets. 

2.  By  triangulation,  or  a  network  of  triangles. 

3.  By  traversing,  or  a  continuous  combination  of 
distances  with  angles  or  bearings. 

4.  By  determining  the  latitudes,  longitudes,  and 
azimuths  of  detached  points. 

To  explain  the  application  of  these  four  methods  in 
their  simplest  forms,  there  must  necessarily  be  some 
starting  survey  point,  and  sometimes  also  some  starting 
direction  of  some  survey  line  in  every  survey  which  may 
be  considered  as  a  relative  datum  point  and  datum  line  of 
departure.  It  need  not  necessarily  be  the  point  or  line 
from  which  the  surveying  operations  commence  in  order 
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of  time,  nor  need  it  always  be  the  most  important  point 
or  line,  as  the  whole  of  the  results  of  any  complete 
survey  are  mutually  dependent ;  but  this  datum  point 
and  datum  line  may  be  considered  as  the  starting  point 
and  starting  line  for  the  purpose  immediately  under 
consideration,  when  the  relative  position  of  some  single 
unknown  point  is  required. 


Figure  8.     Distances  and  Offsets. 

I.  Adopting  tlie  first  mode  of  procedure y  let  A  be 
the  datum  point  of  known  or  assumed  position,  and  X 
the  unknown  or  required  point ;  then  \l  AX  happen  to 
be  in  the  direction  of  any  datum  line  of  the  survey,  AB^ 
the  distance  AX  \^  all  that  is  required  to  fix  the  posi- 
tion of  X  apart  from  checking  ;  but  if  X  is  not  in  that 
direction,  two  distances,  or  a  distance  with  one  rect- 
angular offset,  such  3iS  AB  and  BX,  become  necessary. 
If,  again,  the  means  of  setting  out  a  correct  right  angle 
are  not  available,  recourse  must  be  had  to  two  distances 
in  the  same  direction,  AD^  AC,  and  two  or  even  three 
oblique  offsets,  DX,  CX,  by  which  the  position  of  X  is 
determined  ;  but  this  then  becomes  a  limited  case  of  tri- 
angulation  combined  with  distance. 

Should  X  be  so  far  distant  from,  or  so  inconveniently 
placed  with  regard  to  A  that  this  mode  of  procedure 
cannot  be  adopted  in  this  the  simplest  form,  it  may  be 
arrived  at  through  an  intermediate  series  of  distances 
and  offsets  on  the  same  principle,  or  through  intei  me- 
diate steps  based  on  other  modes  of  procedure. 
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2.  The  method  of  triangulatton. 


Figure  9.    Triangulation. 

As  before,  let  A  be  the  datum  point,  and  X  the 
point  whose  relative  position  is  required.  \{  AB\%  also 
a  datum  line,  X  may  be  arrived  at  through  one  triangle 
only;  in  which  case  either  AB,  BX,  and  AX  are  all 
measured,  or  if  AB  only  be  measured,  and  BX  and  AX 
be  calculated  from  angular  measurements  of  any  two 
of  the  three  angles,  the  relative  position  of  X  is  de- 
termined. This  may  be  further  checked  by  measuring 
a  tie-line  in  the  one  case,  or  the  third  angle  in  the 
other. 

Should  X  be  so  far  distant  from,  or  so  inconveniently 
placed  with  regard  to  Aj  that  it  cannot  be  arrived  at 
through  one  triangle,  it  may  be  arrived  at  through  a 
series  or  network  of  triangles,  or  through  a  combination 
of  triangulation  with  distances  and  offsets,  as  shown  in 
the  figure  following. 

3.   T/ie  method  of  traversing. 

As  before,  let  A  be  the  datum  point,  AB  the 
datum  line,  whose  direction  is  either  known  or  as- 
sumed, and  X  a  distant  point  whose  relative  position 
is  required.  If  it  happens  to  be  either  impracticable  or 
inconvenient  to  arrive  at  X  by  any  direct  route,  and  if 
the  method  of  triangulation  be  considered  too  tedious,  a 
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method  more  circuitous  than  the  former  and  less  tedious 
than  the  latter  can  be  adopted.  Should  there  happen 
to  be  some  road  or  stretch  of  open  country  convenient 
for  measuring  operations  nearly  between  A  and  X,  it 


Figure  la    Traversing. 

may  be  best  to  conform  partly  to  that  course ;  sup- 
posing this  to  be  the  case,  let  such  a  course  lie  to  the 
left  of  the  imaginary  line  AX,  Then  if  -^^  be  mea- 
sured, a  mark  set  up  at  any  point  C,  and  the  inward  angle 
ABC  measured  ;  the  distance  BC  measured,  another 
mark  set  up  at  D,  the  inward  angle  BCD,  and  the 
distance  CD  measured ;  and  so  on,  measuring  every 
distance  and  every  inward  angle  on  a  route  going 
through  a  series  of  points,  until  the  last  of  them,  C,  is 
so  placed  that  GX  can  be  measured,  the  point  X  is 
determined  relatively  to  A,  This  process  is  called 
traversing,  and  ABCDEFGX  is  termed  an  unclosed 
traverse.  If,  however,  the  traverse  is  continued  by  some 
other  route  XHKLMA  back  to  Ay  the  starting  point 
thus  forming  a  complete  irregular  polygon,  it  becomes 
a  closed  traverse ;  and  the  correctness  of  the  observed 
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inward  angles  may  then  be  checked  by  the  formulae 
given  at  page  48.  The  correctness  of  the  measured 
distances,  however,  can  only  be  checked  by  check 
bearings  or  angles  on  convenient  lateral  conspicuous 
objects,  or  on  traversed  points  not  adjacent 

4.  The  method  of  latitudes  and  longitudes  is  generally 
adopted  as  a  check  on  triangulations  or  on  traverses  of 
very  large  extent,  such  as  the  triangulation  of  a  large 
Topographical  Survey,  or  the  route-surveys  of  travellers 
and  navigators.  In  the  former  case  the  latitudes  and 
longitudes  of  a  certain  number  of  distant  points  are 
determined  by  observation  with  the  zenith  sector,  and 
with  the  aid  of  sets  of  chronometers  transported  from 
place  to  place,  or  simultaneous  chronometrical  observa- 
tion of  a  series  of  signals.  From  these,  with  the  aid  of 
any  distances  and  azimuths  laid  down  or  obtained  in  the 
triangulation  work,  the  latitudes  and  longitudes  of  any 
other  intermediate  survey  points  and  the  azimuths  of 
any  other  survey  lines  may  be  calculated  in  accordance 
with  the  formulae  given  in  the  general  collection  (page 
54).  In  the  latter  case,  that  is,  on  route-surveys  of 
travellers  and  navigators,  the  modes  of  observation 
practised  are  rather  different,  this  observation  being 
much  more  frequent  and  less  precise.  An  account  of 
these,  with  the  necessary  formulae  of  reduction,  is  given 
in  the  Chapter  on  Astronomical  Observation  in  Route 
Surveys  ;  while  the  formulae  for  calculating  the  latitudes 
and  longitudes  of  intermediate  points  are  rarely  neces- 
sary ;  when  they  are  so,  the  approximations  in  the 
general  collection  (page  54)  are  sufficiently  accurate  in 
most  instances. 

The  above  methods  are,  for  brevity,  described  in  a 
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form  having  for  object  the  determination  of  the  relative 
position  of  any  single  distant  point ;  but  it  will  be 
evident  that  the  same  principles  apply  to  the  practical 
determination  of  position  of  any  number  of  points, 
which  is  the  object  of  surveying  operations. 

A  skeleton  groundwork  of  points,  distances,  angles, 
&c.,  is  the  substratum  of  the  final  delineation  of  roads, 
hedgerows,  rivers,  buildings,  quarries,  bridges,  tunnels, 
rocks,  shoals,  outcrops,  capes,  and  harbours,  &c.,  that 
may  be  required  ;  and  though  this  final  representation 
should  be  so  far  correct  that  no  appreciable  error  should 
be  possible,  and  nothing  omitted  that  is  essential  to  the 
object  of  the  survey,  yet  the  choice  of  modes  of  proce- 
dure, as  of  instruments  to  be  used  in  the  skeleton-work, 
is  so  much  at  the  pleasure  of  the  surveyor  that  abstract 
rules  for  guidance  are  perfectly  impossible. 

The  special  objects  of  the  survey,  the  scale  on  which 
the  plan  is  required,  the  amount  of  time,  number  of 
men,  and  the  sort  of  instruments  available,  are  the 
matters  that  guide  the  surveyor  in  laying  down  the 
general  arrangements  ;  while,  again,  methods  and  details 
of  execution  are  best  left  to  the  discretion  of  those  com- 
petent to  be  entrusted  with  the  work,  who  are  then 
more  capable  of  producing  good  results. 

Verification  or  clucking, — There  is,  however,  one 
principle  or  rule  that  may  be  considered  an  established 
maxim  in  all  surveying,  which  is  absolute  under  all  cir- 
cumstances. It  is  that  some  means  of  verification  be 
forthcoming  for  every  part  of  the  work  done,  or  that 
nothing  be  made  entirely  dependent  on  a  single  mea- 
surement of  distance,  or  a  single  angular  or  other  ob- 
servation of  any  kind,  in  which  an  accidental  mistake 
may  occur   without   possibility  of  discovery,  and  thus 
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vitiate  results.  The  element  of  uncertainty  must  be 
completely  eliminated.  If  a  certain  number  or  amount 
of  measurements  and  observations  are  just  barely  suffi- 
cient to  enable  the  series  of  required  points  to  be 
arrived  at  and  delineated,  as,  for  instance,  in  a  single 
triangle,  either  two  adjacent  sides  and  the  included 
angle,  or  one  side  and  the  two  angles  at  its  extremities 
are  barely  enough ;  then  some  additional  measurement 
or  observation  becomes  necessary  for  verification,  which 
in  this  case  would  be  effected  by  measuring  an  addi- 
tional angle  or  side.  The  same  principle  applies  to  the 
extremities  of  a  series  of  triangles  or  any  extended 
skeleton  work,  where  either  a  single  verification  or  a 
series  of  checks  become  necessary.  The  only  case  in 
which  checks  are  dispensed  with  is  in  short  rectangular 
offsets  to  hedgerows  and  similar  minor  features,  when 
the  memory,  or  recollection  of  form  and  disposition  is 
most  generally  entirely  relied  on  for  verification  of  result, 
but  in  some  cases  an  extra  oblique  offset  to  the  same 
point  is  absolutely  necessary  as  a  check. 

The  various  sorts  of  survey-work  for  general  pur- 
poses being  thus  practically  very  much  dependent  on 
the  sort  of  instruments  chosen  and  used,  they  will  be 
classified  and  treated  in  accordance  with  them  in  the 
following  sections  ;  while  the  surveys  for  special  pur- 
poses will  have  their  distinctive  points  subsequently 
mentioned. 

The  general  classification  will  be  as  follows : 
Surveys  without  instruments  for   angular  measure- 
ment. 

1.  Chain  surveys. 

2.  Telemeter  surveys. 

3.  Plane-table  surveys. 
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Surveys  with  small  instruments  for  angular  measure- 
ment. 

4.  Compass  surveys.     5.  Box-sextant  surveys. 

Surveys  with  larger  instruments  for  angular  measure- 
ment. 

6.  Theodolite  surveys  over  small  areas,  or  over  large 

areas  without  much  intricacy  of  detail. 

7.  Theodolite  surveys  over  large  areas,  or  over  small 

areas  with  much  intricacy  of  detail. 

Limit  of  admissible  error. 

Whatever  instruments  be  used,  the  object  is  to  ob- 
tain a  correct  plan  with  the  least  amount  of  labour.  The 
limit  to  the  necessary  accuracy  or  exactitude  in  surveying 
can  be  directly  determined  with  reference  to  the  scale  of 
the  plan,  for  the  plan  should  have  no  visible  error.  Now 
any  distance  represented  on  a  plan  by  a  hundredth  part 
of  an  inch  is  just  fairly  appreciable  to  the  naked  eye, 
and  if  we  consider  that  ^f^th  of  an  inch  is  inappreciable, 
this  amount  in  conjunction  with  the  scale  of  the  plan 
affords  a  limit  to  the  exactitude  required  in  actual 
measurement  in  the  field,  or  extreme  bounds  admissible 
in  any  cumulative  error  or  total  discrepancy. 

For  instance,  if  the  survey  has  for  its  object  a  correct 
plan  to  the  scale  of  60  feet  to  an  inch,  the  limit  ^^©^^  of 
an  inch  on  the  plan  will  represent  /^th  of  a  foot  or  about 
3  inches  on  the  ground  ;  if  the  scale  to  be  used  is  one 
mile  to  six  inches,  then  -g-Joth  of  an  inch  on  the  plan  will 
represent  about  4*4  feet  on  the  ground. 

The  total  error  thus  admissible  on  the  ground  should 
invariably  be  thus  determined  before  commencing  survey 
operations,  as  otherwise  even  a  most  careful  survey  may 
be  either  too  inexact  or  too  laborious  in  detail,  in  the 
one  case  causing  a  total  waste  of  time  and  labour,  and 
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in  the  other  a  partial  loss.     The  limiting  error  can  be 
thus  computed  in  a  moment  from  the  scale. 

The  following  is  a  list  of  scales  commonly  used  in 
England. 

Purpose 

Smallest  scale  Ordnance 
maps. 

/  Minimum     allowed     in 


Scale 


- — --  I  or  I  mile  to  an  inch.    | 
63360  )  i 


I 


15840 

I 
10560 

6336   I 

4752   J 
I       \ 


3960 

I 
2376 

I 
TS8^ 

4800   J 

1       1 


2400   ) 


I 


1200 


\  mile  to  an  inch.  . 


\  mile  to  an  inch. 


1 


public      works       de- 
posited plans. 

Intermediate  scale  Ord- 
nance maps. 


-^  mile  to  an  inch,  j  Convenient  intermediate 
8  chains  to  an  inch.  1      scale  for  public  works. 

6  chains  to  an  inch.  I  Parliamentary  deposited 

I      plans  generally. 


5  chains  to  an  inch. 


3  chains  to  an  inch. 


2  chains  to  an  inch. 


Plans  of  special  altera- 
tions. 

Tithe   maps.     Plans    of 
estates. 

Working  contract-plans. 
Building  ground. 


400  feet  to  an  inch. . 


200  feet  to  an  inch. . 


Some  enlarged  plans  of 
buildings. 

Irish    land    or    contract 


plans, 
public  works. 
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Scale 


Purpose 


-L.  1  or  88  feet  to  an  inch.  |  O"!"*"^^  plans  of  ordi 
1050  )  I      nary  towns. 

^    I  „  44         „         «  ( 


528 


to    1  " 


480 


40 


Ordnance  plans  of  intri- 
cate towns. 


» 


»> 


fe!»3° 


360 


>» 


»> 


^   1  " 

125    I    " 


20 


10 


»» 


» 


Engineers'  enlarged 

working     plans     and 
sections. 


n 


l» 


8i  6,  5,  4,  3, 2,  and  i  foot  to  an  inch.    Details  of  engineer- 
ing plans. 

^  8»  4»  i»  i»  8»  i»  i  ^"^^  ^^  ^  foot.     Details  of  builders' 
plans. 

Decimal  Scales, 
For  maps  and  charts. 

Scale 

or  1056  inches  to  a  mile  or  09470  mile  to  an 
inch. 

or  1*267  inches  to  a  mile  or  07893  mile  to  an 


DOG  I 


60000 


000  ) 


50000  ^       inch. 


40000 


or  1*584  inches  to  a  mile  or  0*6313  mile  to  an 
inch. 


I       \  or  21 12  inches  to  a  mile  or  0*4735  mile  to  an 
30000  )       inch. 
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Scale 


\ \  or: 

000  \       i 


or  2'5344  inches  to  a  mQe  or  0*3946  mile  to  an 


25000  )      inch. 


1      1  Of , 

000  i        i 


or  3*168  inches  to  a  mile  or  0*3157  mile  to  an 


20000  )      inch. 


or  4*224  inches  to  a  mile  or  0*2367  mile  to  an 
5000  ]      inch. 


I      \  ori 
15000  I      i] 

I      \  or  6*336  inches  to  a  mile  or  0*1578  mile  to  an 
000  I      inch. 


lOOOO 


For  plans. 


_i_  I  or  416*66  feet  to  an 

DOG  J        il 

4000  )      inch. 

— L-  I  or  250  feet  to  an  inch. 

3000  ) 


5000  i      inch. 

or  333*33   feet  to  an 


I      \  or 

DOO  )      11 


1 


I      ^  or  2o8*33   feet  to  an  /  Large  scale  of  Ordnance 
500  [      il 

I       I  or 
2000  I      inch. 


2500  f      inch.  i      maps, 

or  1 66*66  feet  to  an 


I      )  or  83-33   feet  to  an 
1000  )      inch. 

I      \  or  41*66  feet  to   an  j  Ordnance       plansr      of 
500    f      inch.  t      towns. 

For  details. 


100 


or  8*333  feet  to  an  inch  or  0'i2  inches  to  a  foot. 
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Scale 


—      f  or  4* 1 66  feet  to  an  inch  or  024 inches  to  a  foot 

CO        ' 


S 

JL    I 
40    i 

I 
30 


"  3*333 


„  2-500 


»» 


»» 


>» 


)) 


±  1 


25   ) 


\  „  2083 


i» 


»» 


I 
20 


-L     1 


r         »♦ 


1-666 


l» 


»» 


I 

10 


t:;     1   »»  0*833 


i 


» 


)> 


030 


040 


048 


060 


1*20 


It 


i» 


i> 


i> 


» 


The  scales  for  distances  on  sections  are  identical 
with,  or  bear  some  convenient  ratio  to,  those  used  on  the 
corresponding  plans.  The  scales  for  heights  on  sections 
are  generally  arranged  to  be  10  times  the  scale  for 
distances,  as  this  is  often  most  convenient;  another 
method  is  to  use  10  times  the  number  of  chains  in 
horizontal  distances  per  feet  in  vertical ;  thus  for  6  chains 
horizontal,  60  feet  vertical,  and  so  on  ;  but  the  two  scales 
of  100  feet  to  an  inch,  and  40  feet  to  an  inch,  are  the 
minimum  vertical  scales  laid  down  by  Parliamentary 
Standing  Orders  for  long  and  cross  sections  of  proposed 
works  with  alterations  of  existing  works.  Records  of 
height  or  depth  made  on  plans  are  generally  in  feet  and 
decimals,  metres  and  decimals,  or  fathoms  and  quarters. 

The  scales  principally  used  in  the  Indian  Surveys  are: 

Triangulation  charts  G.  T.  S. 
4  miles  to  the  inch,  -j  Indian  Atlas  sheets.    Revenue 

survey  of  Northern  India. 
G 
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1  mile  to  the  inch. 


Maps  giving  he^hts,  GXS. 

Maps  of  coal-ficdds  and  mi- 
neral districts.  Topographical 
surveys  of  certain  provinces.  * 

Revenue  maps  of  Southern 
India. 


Besides  these  there  are  maps  from  Surve)^  of  Rivers 
on  various  scales,  2  miles,  i  mile,  |  mile,  1000  yards  and 
5te  yards,  to  the  inch  being  most  common ;  also  railway 
maps  or  plans,  which  show  greater  variety  as  to  scale. 

Section  2.    Chain  Surveys. 

General  Remarks. — Work  of  this  description,  requir- 
ing the  fewest  and  least  expensive  appliances,  and  the 
smallest  amount  of  thought  and  knowledge,  possesses 
the  disadvantage  of  being  monotonous  and  laborious. 
It  may  be  correctly  applied  to  portions  of  land,  estates, 
or  plots,  not  exceeding  one  square  mile  at  a  time ;  when 
used  for  larger  tracts,  the  portions  thus  surveyed  should 
be  fitted  on  to,  reduced,  and  verified  by  the  skeleton 
work  or  distant  points  of  some  larger  survey,  such  as  the 
Great  Trigonometrical  or  large  Topographical  survey  of 
the  country. 

In  estate-surveys,  which  are  mostly  surveyed  with 
chain  alone,  the  acreage  of  various  holdings  is  often 
a  more  important  consideration  than  the  plan,  hence 
the  chain  used  for  them  is  the  66  feet  or  Gunter*^  chain 
of  100  links,  a  convenient  submultiple  of  the  acre  ;  the 
distances  are  measured  in  such  chains  and  links  to  the 
entire  exclusion  of  feet,  and  the  acreage  can  then  be 
more  rapidly  calculated. 

In  other  surveys,  in  which  acreage  is  comparatively 
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unimportant,  and  the  introduction  of  Gunter*s  units 
might  be  troublesome,  either  the  100  feet  or  the  50  feet 
chain  is  used,  and  all  distances  are  measured  in  feet  ; 
any  mileage  required  on  any  part  of  the  plan  being 
subsequently  marked  or  scaled  off. 

The  appliances  required  on  this  work  are : 
First.  The  chain  itself.  (See  appliances  for  measuring 
distance.  Chapter  I.,  pages  6  to  8.) — These  are  made  of 
various  patterns,  and  are  galvanised,  painted,  or  plain.  The 
latter  are  most  liable  to  rust,  while  the  first  are  liable  to 
be  less  correct  from  the  additional  process  they  undergo. 
The  long-linked  pattern,  having  each  link  a  foot  or  a 
Gunter's  link  in  length,  is  considered  advantageous,  from 
being  lighter  with  the  same  amount  of  similar  material, 
from  an  idea  that  its  form  shows  most  readily  any  acci- 
dental kink  or  derangement  during  chaining,  and  from 
its  links  being  easily  hammered  straight  after  being 
accidentally  bent.  The  curb-chain  and  such  small- 
linked  patterns  are  modifications  introduced  with  the 
use  of  superior  metal,  the  amount  of  which  is  corre- 
spondingly reduced ;  they  can  be  made  excessively 
light  and  convenient,  but  when  damaged  are  less  easily 
rectified  than  the  old  pattern.  In  any  case  the  length 
of  a  new  chain  should  not  only  be  tested  with  a  good 
standard  when  simply  laid  straight,  but  also  again  after 
stretching  it  by  a  weight.  During  the  progress  of 
survey  work,  the  length  of  the  chain  should  be  daily 
tested  by  comparison  with  a  temporary  standard  marked 
for  the  purpose  and  kept  invariable.  If  a  chain  has  to 
be  mended  or  altered,  the  time  and  date  should  be 
recorded  in  the  field-book  of  the  survey. 

The  pins  or  skewers  used  with  the  chain  should  have 

numbered  tallies  attached  to  them ;  and  the  tallies  at 
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every  lo  feet  or  lo  links  on  the  chain  should  read  from 
the  beginning  to  the  end  of  the  chain,  not  from  both 
ends  to  the  middle.  The  pins  should  be  strung  in  order 
on  a  broad  strap. 

The  other  appliances  necessary  are  an  optical  square 
or  a  cross  staff  for  setting  out  right  angles,  a  measuring 
tape  for  measuring  long  offsets,  a  painted  offset  staff  for 
short  offsets,  and  a  set  of  ranging  rods  for  marking 
stations.     (See  Demarcation  of  Survey  Points,  page  6^) 

The  optical  square  consists  of  two  small  silvered 
mirrors  fixed  in  a  brass  box  at  a  permanent  inclination 
to  each  other  of  45^  thus  reflecting  any  object  through 
an  angle  of  90^  the  unsilvered  portion  of  one  mirror 
giving  a  direct  view  of  the  object,  while  the  reflected 
and  the  direct  object  can  be  exactly  superimposed  in 
the  field  of  view  of  the  observer,  when  they  are  at  right 
angles  to  each  other.  It  requires  occasional  testing  and 
adjustment,  which  is  effected  by  a  screw  moving  one 
mirror  very  slightly. 

The  cross  staff,  or  cross  head,  has  at  least  two  pairs 
of  sights  fixed  at  right  angles  to  each  other  on  the  upper 
end  of  a  staff  about  five  feet  long,  shod  with  iron  ;  but 
generally  these  heads  have  four  pairs  of  sights,  which 
then  enable  half  a  right  angle  to  be  set  out  when 
required.  They  are  made  of  various  patterns  ;  those 
least  liable  to  damage  and  the  lightest  are  preferable. 

Either  of  these  appliances  may  be  easily  tested  by 
setting  out  four  right  angles  from  one  spot. 

The  measuring  tape  and  the  offset  staff,  which  is 
painted  black  and  white  in  alternate  lengths,  should 
both  be  subdivided  in  accordance  with  the  special  unit 
adopted  in  the  survey,  either  in  feet  or  Gunter  s  links, 
but  not  with  both  of  them,  as  that  might  cause  mistakes. 
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Some  cord  for  making  stays  to  the  ranging  rods  and 
tying  them  in  bundles,  one  or  two  spare  straps,  and 
a  few  pegs  complete  the  appliances  necessary  for  chain 
survey  work. 

Mode  of  Chaining, — Unless  the  chaining  is  carried 
on  in  a  systematic  manner  with  chainmen  drilled  to 
their  work  under  careful  supervision,  the  results  are  sure 
to  be  faulty.     The  following  is  the  mode  recommended. 

The  starting  point  and  the  distant  point  being 
marked  by  ranging  rods  or  other  means,  two  men 
manage  the  chain — the  leader  who  drags  it  and  puts  pins 
in  the  ground  after  each  chain's  length,  and  the  follower 
who  directs  the  leader  to  the  distant  point,  picks  up  the 
pins  when  no  longer  required,  and  returns  them  to  the 
leader  when  they  amount  to  ten,  informing  the  recorder 
of  the  fact.  An  eleventh  special  pin  is  used  for  putting 
down  in  place  of  the  tenth  for  a  few  moments ;  this  is 
both  placed  and  withdrawn  by  the  follower,  who  always 
retains  it.  In  dragging  the  chain  the  leader  walks 
straight  towards  the  distant  object  till  told  by  the  fol- 
lower to  stop.  When  measuring  the  follower  firmly 
holds  the  outside  of  his  chain  handle  to  the  point  or  pin, 
and  directs  the  leader  by  signs  to  the  right  or  left  until 
very  nearly  in  alignment,  telling  him  when  he  is  so. 
The  leader  then  takes  the  proper  numbered  pin  in  his 
right  hand,  grasping  it  with  his  chain  handle,  but  keep- 
ing the  remaining  pins  strung  in  order  on  a  strap  in  his 
left  hand  ;  he  tightens  the  chain  and,  keeping  his  eyes 
on  his  own  pin  and  chain  handle,  obeys  the  verbal  direc- 
tions of  the  follower  for  moving  it  to  the  right  or  left. 
When  the  leader's  pin  is  in  true  alignment,  the  follower 
says  '  Mark,'  and  the  leader  marks  the  point  by  forcing 
the  pin  firmly  and  vertically  into  the  ground,  disen- 
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gages  his  hand  from  it,  and  draws  away  the  chain  so  as 
to  clear  the  pin. 

The  next  chain-length  is  laid  off  in  the  same  way, 
the  follower  being  always  responsible  that  the  chain 
dudl  be  tight;  straight,  and  well-directed  daring  mea- 
sorement,  and  ready  to  inform  the  recorder  of  his  own 
distance  fiam  the  starting  point  whenever  required. 

Having  thus  measured  ten  chidns'  length,  the  leader 
on  placing  the  tenth  pin  calls  for  more  pins,  when 
the  follower  runs  up  to  him,  places  his  special  eleventh 
pin  in  the  exact  place  occupied  by  the  tenth,  and  hands 
over  the  ten  pins  to  the  leader,  who  counts  them  and 
arranges  them  in  proper  order  on  his  strap.  The  recorder 
notes  arrival  at  the  tenth  chain  in  his  field-book,  and 
the  chaining  proceeds  as  before.  Such  chaining,  when 
directed  on  a  single  distant  object  or  pole,  is  liable  to 
a  slight  deviation  from  direction,  which  causes  error; 
it  is  better,  therefore,  to  establish  the  direction  by  the 
alignment  of  two  or  more  distant  or  intermediate  poles. 

Most  chaining  should  be  carried  on  with  the  chain 
horizontal,  not  sloping  down  a  declivity.  When  the 
ground  falls,  the  uphill  end  should  touch  the  ground, 
and  the  other  end  be  raised  up  and  held  to  a  vertical 
rod  placed  at  the  exact  spot.  On  very  steep  ground  the 
chaining  must  proceed  by  half-lengths  of  chain,  or  even 
quarter- lengths. 

The  direct  chaining  thus  requires  two  men  in  addi- 
tion to  the  recorder,  and  most  frequently  also  a  third 
man  for  setting  up  and  removing  signal  points,  carrying 
rods,  and  helping  to  measure  intermediate  distances  or 
take  offsets  with  the  tape  or  staff. 

General  Method  of  Procedure, — The  skeleton  survey 
work  in  chain  survey  consists  of  a  series  of  triangles. 
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sometimes  broken  by  trapeziums,  while  details  are  fixed 
by  the  method  of  distances  and  offsets  along  and  from 
the  sides  of  these  triangles,  all  of  which  are  measured. 
A  check  on  each  triangle  is  always  obtained  either  by 
measuring  a  single  tie-line  from  any  angle  to  a  known 
point  in  the  opposite  side,  or  by  measuring  two  short 
angle-ties,  one  to  each  of  any  two  angles,  between  two 
known  points  in  adjacent  sides  near  any  angle.  If  some 
of  these  triangles  are  so  large  as  to  nearly  include  the 
whole  of  the  extent  to  be  surveyed,  no  further  check  is 
necessary ;  but  if  the  triangles  are  comparatively  small 
and  joined  on  to  each  other,  a  through  line  going  from 
one  extremity  of  the  survey  to  the  other  must  also  be 
measured,  and  its  connection  with  the  small  triangles 
noted  wherever  they  are  crossed.  In  the  event  of  there 
being  troublesome  continuous  obstacles,  such  as  large 
hedgerows  or  streams,  which  may  prevent  the  network 
of  triangles  being  perfectly  continuous,  a  connection 
between  two  triangles,  having  sides  nearly  parallel,  may 
be  formed  by  a  long  trapezoid,  whose  short  sides  are 
two  rectangular  offsets  taken  at  convenient  spots ;  the 
tie-line  then  necessary  will  be  a  third  rectangular  offset 
taken  between  the  long  sides,  which  will  check  the  con- 
nection formed  by  the  trapezoid. 

If  large  inclusive  triangles  are  used,  as  before  men- 
tioned, all  the  detailed  work  will  consist  of  a  series  of 
tie-lines  and  angle-ties  on  them,  from  which  the  detail 
points  will  be  fixed  by  the  method  of  distance  and 
ofTset  This  is  the  preferable  plan  when  obstacles,  the 
fall  of  the  land,  and  so  forth,  admit  of  its  being  conve- 
niently done;  under  other  circumstances  it  may  often 
happen  that  only  one  through  line  can  be  measured  on 
tolerably  flat  unimpeded  country. 
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In  si^rvqring  minor  details,  such  as  blocks  of  build- 
ings not  admissible  of  measuring  through,  it  becomes 
necessaiy  to  enclose  them  in  a  skelet<m  rectangle,  from 
which  offsets  are  taken  to  the  comers  and  principal  points. 

Mi$iar  Orations  and  OJaUdtioms.'^lJ  ndftr  ordinary 
circumstances  no  calculations  whatever  are  required  in 
connection  with  chain  surve]^  the  distances  necessary 
being  all  measured,  recorded,  and  laid  down  to  scale  on 
the  plan ;  occasionally,  however,  some  of  the  trigonome- 
trical and  mensuration  formulae  given  in  the  general  col- 
lection at  pages  46  to  48  may  be  required.  Under  special 
drcumstances,  special  operations  and  special  formulas 
may  be  required. 

1.  To  set  out  a  right  angle  to  a  given  direction  with 
the  chain  only,  at  any  intermediate  point  in  a  measured 
distance. 

Measure  a  quarter  of  a  chain  both  ways  from  the 
given  point  along  the  given  line,  thus  obtaining  two  new 
points  in  it ;  have  the  two  chain  handles  firmly  held  or 
fixed  by  pegs  at  these  two  points,  stretch  the  chain  out 
by  holding  its  middle  until  it  is  tight,  the  middle  point 
will  then  be  in  the  required  direction.  This  may  be  done 
also  on  the  other  side  of  the  given  line. 

2.  To  set  out  a  right  angle  to  a  given  direction  with 
the  chain  only  at  any  point  in  a  measured  distance. 

Measure  a  distance  of  40  links  or  feet  from  the  given 
point  along  the  given  direction,  drive  in  a  peg  firmly, 
and  put  the  chain  handle  over  it ;  pick  out  the  80  link 
or  feet  mark  on  the  chain,  and  have  it  held  firmly  at  the 
given  point ;  stretch  the  chain  out  in  the  required  direc- 
tion by  holding  it  by  its  middle  or  50  link  or  feet  mark 
until  it  is  tight ;  the  middle  mark  will  then  be  in  the 
required  direction. 
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The  principle  applied  in  the  above  operation  of  using 
multiples  of  the  numbers  3,  4,  and  $  for  setting  out  a 
right-angled  triangle  may  also  be  adopted  with  some 
other  round  numbers.  To  ascertain  if  any  even  given 
round  number  will  answer  the  purpose  as  a  side  of  such 
a  triangle,  let  x  be  any  such  side,  y  the  other,  and  z  the 
hypothenuse,  then  putting 

to  satisfy  the  mathematical  conditions,  x  must  be 
capable  of  subdivision  by  two  factors — ;;/  and  ;/,  and  the 
sum  and  difference  of  their  squares  will  give  the  values 
of  z  and  y. 

Thus,  for  example,  let  28  be  the  even  given  round 
number ;  then  if  it  will  subdivide  into  factors,  as  it  actu- 
ally does,  then 

4r=2  X  7  X  2,  y^f-  2^  =  45,  £r  =  72+  2^=  53  ; 

and  these  three  numbers  satisfy  the  required  conditions, 
as 

28^  +  452=2809=53^ 

If  the  given  number  happens  to  be  odd,  the  same  test 
may  be  applied  to  the  double  of  that  number  ;  and  in 
the  event  of  its  being  suitable,  the  resulting  numbers 
should  then  be  halved. 

3.  To  chain  round  any  impassable  obstacle  in  a 
survey  line. 

Obstacles  to  continuous  chaining  sometimes  do  not 
extend  laterally  to  more  than  a  short  distance  on  one 
side  or  the  other ;  under  these  circumstances  there  are 
two  simple  modes  of  chaining  the  ditotir — one  using 
right  angles,  the  other  half  right  angles,  set  out  with  the 
cro3s-head. 
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By  the  first  method,  mark  two  cotivenimit  pdnts  one 
OT  two  dvuns  iq;Murt  in  the  surv^  line  juat  before  arrival 
at  the  obstacle,  lay  off  two  equal  rectangular  oflSiets, 
jthus  obtaining  through  their  extremities  a  line  parallel 
to  the  or^^inal  survey  line  that  will  dear  the  obstacle ; 
continue  the  chainii^  on  this  new  line,  and  revert  to  the 
original  direction  by  settii^  off  two  rectangular  offsets 
equal  to  the  former;  their  extremities  will  be  in  the 
orighial  direction.    (See  figure  1 1.) 


FiGURB  II.    Detour  in  Chaining. 

Thus  the  operations  consist  in  setting  out  AB,  aby 
using  the  new  direction  BbC  for  chaining,  then  setting 
out  CD  and  cd  to  obtain  the  original  direction,  Dd, 
which  will  be  in  line  with  Aa.  The  length  of  the  un- 
measured distance  ad  then  =  be.  Further  precision  may 
be  obtained  by  using  three  or  (our  offsets  on  each  side 
of  the  obstacle  instead  of  two. 


JB  h 

Figure  12.    Detour  in  Chaining. 

By  the  second  method  (see  figure  12),  having  chosen 
similarly  two  convenient  points,  A,  a,  in  the  original 
line,  set  out  half  right  angles  at  those  points  with  the 
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cross-head,  measure  AB,  ab,  of  equal  length,  check  Bb, 
which  should  be  equal  to  Aa,  set  out  two  rectangular 
offsets,  BC,  be,  equal  in  length  to  AB,  ab  ;  then  Cc  will 
be  in  the  original  direction,  and  the  unmeasured  distance 
AC=ac=ABx  1-4142. 

Whichever  of  these  methods  be  used,  if  the  obstacle 
to  continuous  chaining  admits  of  being  seen  over,  as  a 
pond  or  marsh,  the  resulting  direction  admits  of  verifi- 
cation by  simple  ranging. 

4.  To  continue  a  survey  line  beyond  an  impassable 
obstacle  when  chaining  round  is  impracticable. 

First.  When  the  obstacle  can  be  seen  over,  as  a  stream 
or  river,  the  direction  of  the  survey  line  may  be  ranged 
in  beyond  it  with  ranging  rods ;  and  the  length  of  un- 
measured interval  alone  is  required.    {See  figure  13.) 


FifiUBE  13. 


Choose  two  convenient  points  A  and  C,  one  chain  or 
two  chains  apart,  in  the  original  line ;  set  out  a  rectan- 
gular offset  AB  to  double  the  length  of  AC;  at  the 
point  B  set  out  the  right  angle  CBD,  having  D  fixed  in 
the  survey  line  beyond  the  obstacle. 

Then  the  unmeasured  interval  AD=^AC. 

Or  \i  AB  is  not  fixed  at  exactly  double  .^C,  then 

AD=ab:'^AC. 
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A  cbedc  on  tlie.  accuraqr  of  the  pomt  D  may  be  ob- 
tdned  ly  setting  oat  ^^  to  Uie  left  pf  the  given  direc- 
tfaw  CAD,  making  AB^AB,  and  setting  out  the  r^ht 
'  an^  CBD  to  obtain  the  identical  point  D  given  by 
the  fonner  operation  ;  or  if  the  ground  does  not  admit 
<rf  usti^  equal  triangles  on  each  side  of  the  Une,  unequal 
triang^  may  be  used,  and  a  second  point  K  may  be 
obtained. 

Secondly.  When  the  obstacle  cannot  be  seen  over  in 
the  original  direction,  as  if  a  house  or  clump  of  trees 
should  intervene  on  the  bank  of  the  stream. 

Rai^  a  parallel  Une  dear  of  the  house  by  means  of 
a  pur  <^  rectangular  ol&ets,  so  that  its  continuati(»i  may 
be  ranged  in  beyond  the  river ;  a  second  pair  of  offsets 


Figure  14.    Intbrval  in  Chai: 


will  then  give  the  original  direction,  and  the  mode  just- 
explained  will  give  the  unmeasured  interval. 

Thus  in  the  figure  14.  Let  CA  be  the  original  direc- 
tion, use  two  equal  rectangular  offsets,  so  that  the  parallel 
line  f^/^/^ may  be  visibly  fixed  beyond  the  river;  the 
original  direction  DG  can  then  be  regained  by  equal 
offsets  HD,  FG.  Then  let  A'  be  any  point  in  DG  visible 
from  P ;  set  out  the  right  angle  KPL,  obtaining  a  point 
L,  and  measure  AL ;  then  the  unmeasured  interval 
AK=AD^^AL. 
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A  similar  operation  may  be  conducted  to  the  left  of 
the  given  direction  so  as  to  afford  a  check. 

There  are  several  other  modes  of  carrying  out  such 
minor  operations,  based  on  the  principle  of  similar 
triangles,  but  these  described  are  the  most  simple,  rapid, 
and  convenient.  Whenever  more  complicated  measure- 
ments and  operations  become  necessary  in  ordinary 
chain  surveys  the  original  survey  line  must  have  been 
badly  selected,  and  is  best  abandoned. 

5.  To  test  by  calculation  the  length  of  a  tie  line  (;r) 
of  any  triangle  ABC,  measured  from  the  angle  C  to  the 
side  c,  so  as  to  divide  c  into  two  parts  ;;/  and  ;/,  of  which 
m  is  adjacent  to  the  side  by  and  //  adjacent  to  a. 

Then  x  should=  a  /  ( ;;/;/]. 

And  if  the  tie  line  x  is  at  right  angles  to  the  side  r, 


6.  Chaining  on  an  inclination. 

Sometimes,  when  there  is  a  long  piece  of  sloping 
ground  of  unvarying  inclination  to  be  chained  and  few 
offsets  are  required,  the  chaining  is  for  the  sake  of 
rapidity  measured  on  the  declivity,  instead  of  hori- 
zontally. In  this  case  the  difference  between  an  inclined 
chain  and  a  projected  horizontal  chain  plumbed  down 
must  be  measured  with  the  offset  staff  and  added  to 
every  chain  thus  measured. 

For  example,  let  AB  he  the  chain  lying  on  the 
declivity,  mark  A  and  B ;  then  have  the  chain  held  truly 
horizontal  as  A  C,  and  plumb  down  CD  and  mark  the 
point  D  ;  measure  BD  with  the  offset  staff  or  tape ;  BD 
is  the  correction  to  be  added  for  each  inclined  chain 
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measured  in  order  to  obtain  the  conect  chainagei  and 
this  correction  should  be  meamired  with  such  exactitude 
that  the  final  total  may  not  be  materially  affected  by 
error. 

A L c 


Fioums  15.    Incukbd  Chaimimg. 

.  7.  Traversing  with  the  chain. 

On  the  offset  system. — Short  pieces  of  traverse  may 
sometimes  be  done  with  the  chain  and  cross  staff  only  ; 
as  for  instance  along  a  boundary,  a  footpath,  or  on  one 
bank  of  a  stream  in  comparatively  open  country,  lying 
between  two  determined  survey  points. 

Thus  in  Plate  I.,  A  and  H  are  two  fixed  points,  a 
stream  lying  to  the  left  of -<4/^,  whose  course  must  be 
surveyed.  The  right  angle  OAB  is  set  out  with  the 
cross  staff,  and  checked  by  measuring  Aay  Aa\  and  act ; 
the  h'ne  AB\s  then  used  as  a  survey  line,  from  which 
offsets  to  the  stream  can  be  taken.  At  jB  a  half  right 
angle  bBC  is  set  out  with  the  cross  staff,  and  checked  by 
three  measurements  Bby  bb'  and  BV  ;  the  line  BC  then 
becomes  a  new  survey  line  from  which  offsets  to  the 
stream  can  be  taken.  In  the  same  way  by  setting  out 
a  succession  of  checked  right  angles  and  half  right 
angles  as  required,  the  traverse  is  completed  up  to  near 
the  final  point  Hy  which  is  determined  both  by  one  rect- 
angular offset  GH  and  two  oblique  offsets,  gHyg'H. 
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On  the  chord  system. — A  corresponding  mode  of  tra- 
versing with  the  chain,  which  dispenses  entirely  with  the 
cross-head,  may  be  adopted  by  prolonging  each  traverse 
line  in  the  same  way,  and  at  the  extremity  of  one  chain, 
setting  out  either  half  a  chain,  a  whole  chain,  or  a  chain 
and  a  half,  at  its  extremity  as  a  chord  ;  thus  making 
practical  use  of  another  set  of  angles  while  merely 
dealing  with  their  chords,  and  conducting  the  traverse 
in  exactly  the  same  way  in  every  other  respect.  If  this 
chord  method  is  applied  in  further  detail,  using  quar- 
ters or  eighths  of  a  chain,  and  the  angle  (y8)  correspond- 
ing to  any  chord  set  out  should  happen  to  be  required, 
then 

.    B    chord 
sm  -  = — — -  ; 

2        2R   ' 

but  if  the  chord  be  set  out  at  the  extremity  of  two  or 
three  chains  instead  of  one,  then  2R  or  3^  must  be  sub- 
stituted for  R  in  the  above  formula. 

This  method  must  always  be  kept  distinct  from  the 
rectangular  offset  system  ;  it  is  not  quite  so  rapid,  as  it 
requires  three  measurements  instead  of  two,  and  for 
certainty  requires  also  that  both  traverse  lines  should 
be  prolonged  both  ways  to  repeat  the  measurements. 

Record  or  field-book  of  chain  suruey. 

In  all  cases  the  record  of  measurements  should  be 
accompanied  by  a  sketch  showing  the  skeleton  survey- 
work,  and  the  position  of  some  of  the  important  features 
of  the  tract  surveyed,  such  as  roads,  rivers,  marked 
buildings,  churches,  etc.,  with  their  names ;  the  survey- 
stations  and  principal  survey-lines  should  be  distinctively 
designated  by  the  letters  or  numbers  used  for  them  in 
the  record. 

Some  recorders  use  alphabetical  letters  to  designate 
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Station-points,  and  numbers  for  survey-lines  A  the  order 
.of  their  measurement ;  another  method  is  to  use  num- 
bers  enclosed  by  circles  for  the  stations,  and  to  enter  in 
the  sketch  the  total  distances  between  stations;  the 
latter  is  more  convenient  for  a  stranger  to  plot  from. 
Special  sketches  or  diagrams  of  lines  measured  are 
required  whenever  intricate  measurements,  as  of  build- 
ings, happen  to  occur,  also  for  comers  where  more  than 
two  lines  of  measurement  meet,  and  whenever  the 
ordinary  unaided  form  of  record  fails  in  conveying  clear 
and  sufficient  explanation. 

Field-records  are  best  made  with  pencil  in  graphite, 
chalk,  or  indelible  dry  ink,  as  liquid  ink  is  troublesome 
and  liable  to  blot  from  rain  ;  alterations  in  figures  should 
never  be  made,  corrections  should  be  effected  by  oblite- 
rating or  entirely  striking  out  or  through  the  error  or 
erroneous  portion,  and  rewriting  it  clearly. 

The  accompanying  field-sketch,  Plate  IL,  together 
with  Field-record  No.  i,  illustrate  the  system  now  in 
vogue  in  surveying  estates  when  the  chain  alone  is  used. 
Chain  surveys  for  engineering  purposes  are  conducted 
much  in  the  same  way,  and  hence  do  not  require  any 
special  illustration  or  notice. 

The  next  reduced  plan,  Plate  III.,  together  with  Field- 
record  No.  II.,  illustrates  a  small  portion  of  a  town  survey, 
comprising  one  street  only,  surveyed  for  plotting  on  the 
scale  of  -j4^th  or  lo  feet  to  the  inch.  The  parallelo- 
grams that  form  the  network  of  this  survey  are  double, 
each  street  having  two  lines  of  chain  measurement. 
The  offsets  in  this  case  are  rectangular,  and  were 
taken  with  much  care,  but  under  such  circumstances, 
wherever  accuracy  is  very  necessary,  additional  oblique 
offsets  are  imperative.     For  surveys  of  the  same  kind 
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for  plotting  on  a  smaller  scale,  as  40  or  44  feet  to  the 
inch,  single  lines  would  alone  be  necessary  except  in 
very  wide  streets.  The  scale  of  y^th  is  generally  the 
largest  adopted  in  surveys  of  any  description,  all  larger 
scales  being  used  merely  for  details  of  engineering 
works ;  but  as  an  exceptional  case  may  be  mentioned 
a  small  survey  made  for  plotting  to  the  scale  of  3  feet 
to  the  inch,  in  which  the  offset  measurements  were 
taken  correctly  to  ^th  of  an  inch,  with  steel  tapes, 
instead  of  to  full  inches,  as  it  was  specially  required  to 
illustrate  the  accuracy  of  a  few  lengths  of  tunnel  where 
a  through  meeting  had  been  formed. 

Section  3.    TELEMETER  Surveys. 

Telemeter  surveys  differ  from  chain  surveys  in  that 
the  distances,  within  a  range  convenient  to  the  telemeter 
used,  are  obtained  by  observation  with  instruments  in- 
stead of  by  chaining  (for  Telemeters  and  Telemetrical 
Observation,  see  Chapter  I.,  section  ii.,  pages  10  to  24). 
For  instance,  if  the  power  of  the  telescope  and  arrange- 
ment of  the  distance  wires  are  such  as  to  give  correct 
distances  in  sights  taken  between  icx)  feet  and  1000 
feet,  any  distance  exceeding  1000  feet  has  to  be  taken 
in  portions,  while  any  detached  distance  less  than  icx) 
feet  must  be  measured  with  a  tape  or  offset  staff ;  corre- 
spondingly also  when  the  powers  of  the  instrument  are 
limited  to  a  range  between  66  feet  and  660  feet. 

T/te  general  method  of  procedurCy  as  regards  trian- 
gulation  and  offsets,  is  substantially  the  same  as  that 
adopted  in  chain  survey,  unless  the  telemeter  is  accom- 
panied by  instrumental  means  for  observing  angles. 
The  need  of  the  occasional  minor  operations  previously 
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explained  on  pages  87  to  94  is  greatly  reduced,  as 
small  brooks,  sheets  of  water,  etc.,  are  not  obstacles  to 
telemetrical  observation  ;  and  again,  if  Porro's  method 
be  adopted,  the  necessity  for  checking  by  tic-lines  is 
also  reduced,  as  each  telemetrical  observation  with  three 
wires  affords  a  check  on  its  own  accuracy. 

While  telemetry  possesses  great  advantages  over 
chaining  in  reducing  monotonous  labour  with  at  least  an 
equal  amount  of  precision,  it  must  be  remembered  that 
it  is  more  specially  suited  to  surveys  in  which  the  dis- 
tances arc  many  and  rather  long,  and  the  offsets  com- 
paratively few. 

In  this,  as  in  all  such  substitutions  of  mechanical 
for  manual  work,  the  men  employed  must  be  more  in- 
telligent and  capable.  The  staff-holders  must  not  only 
be  capable  of  holding  the  staff  truly  vertical,  but  of 
choosing  the  points  necessary,  ranging  themselves  cor- 
rectly in  any  direction,  taking  the  offsets  well  and  truly 
at  right  angles  to  any  direction  or  survey  line,  and 
also  of  roughly  recording  then>,  as  their  memories  can- 
not be  depended  on  for  several  points  at  a  time ;  to 
do  this  well  and  without  loss  of  time,  they  must  also 
be  capable  of  understanding  and  applying  the  elemen- 
tary methods  of  procedure  in  survey  work,  and  be 
worthy  of  some  confidence.  Work  of  this  class  is  hence 
best  entrusted  to  assistants  and  pupils  in  preference  to 
the  stray  working  men  and  boys  generally  employed  in 
chaining. 

The  form  of  record  for  telemeter  surveys  is  generally 
similar  to  that  used  in  chain  surveys,  the  principal  dif- 
ference being  that  the  record  itself  is  more  lengthy  and 
extended,  from  three  telemetrical  readings  being  entered 
in  place  of  every  single  measured  distance,  whenever 
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Porro*s  principle  is  adopted,  or  two  readings  and  a 
reduced  distance  when  Eckhold's  instrument  is  used  ; 
this  is  exclusive  of  short  distances  and  offsets  less  than 
one  chain  in  length. 


Section  4.    Plane- Table  Work. 

In  work  of  this  rather  rough  description,  which  is 
generally  confined  either  to  such  details  or  filling  in  of 
the  triangles  of  a  topographical  survey  as  can  bear 
subsequent  considerable  reduction  in  scale,  the  survey  is 
not  recorded  in  forms,  but  plotted  on  the  plane  table 
itself  in  the  field  while  the  work  is  proceeding ;  angles 
are  not  measured,  but  laid  down  on  the  paper  with  a 
sighted  ruler  directed  to  any  object,  and  thus  the 
principles  of  triangulation  are  applied  after  measuring  a 
single  base  line  to  start  from,  and  laying  it  down  to  scale 
on  the  paper. 

As  each  portion  of  plane-table  work  must  be  com- 
prised within  the  limits  of  a  sheet  of  paper  of  the  size 
of  the  plane  table,  and  subsequently  be  joined  on  to 
other  sheets  done  in  the  same  way,  the  errors  will  be 
greater  at  the  points  of  junction  farthest  from  the  base 
line  and  will  increase  with  the  number  of  intervening  sets 
of  triangles ;  it  is  hence  more  usual  to  limit  the  sets  of 
triangles  on  any  single  sheet  either  to  one  or  to  two,  one 
directly  dependent  on  the  base  line,  the  other  being 
secondary,  or  dependent  on  the  sides  of  the  triangles  of 
the  first  set. 

The  plane-table  itself  consists  of  a  drawing-board, 
mounted  on  a  light  three-legged  stand,  and  capable  of 
motion  on  a  universal  joint  and  of  clamping  to  any  position 
of  azimuth  or  altitude  by  means  of  screws.     A  paper  is 
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strained  on  the  board  for  scaling  distances  and  ruling 
directions,  and  a  ruler  wilh  sights  is  used  for  laying  down 
the  directions  of  any  objects,  such  as  survey  marks, 
corners  of  buildings,  etc. 

The  mode  of  using  it  is  thus — 
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A  convenient  base  line  AB  having  been  carefully 
measured  is  laid  down  to  scale  as  ab  on  the  paper ;  the 
plane-table  carefully  levelled  is  then  set  up  at  A  with 
the  line  ab  adjusted  true  to  AB,  and  the  directions  of 
any  number  of  points,  C,  D,  E,  F,  etc.,  are  sighted  from 
A  and  ruled  from  a ;  the  plane  table  is  then  set  up  at  B 
with  the  line  ba  adjusted  true  to  BA,  and  the  directions 
of  the  same  points,  C,  D,  E,  F,  are  sighted  from  B  and 
ruled  from  i;the  intersections  of  the  two  sets  of  ruled 
lines  give  the  positions,  c,  d,  e,  f,  on  the  paper,  which  can 
be  checked  by  directions  sighted  and  ruled  from  other 
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points  subsequently  used,  or  from  the  same  points  among 
themselves. 

A  needle  stuck  in  the  paper  and  board  at  the  point 
corresponding  to  the  station  of  observation  is  convenient 
in  sighting  with  the  ruler.  It  is  also  better  to  use  a 
distinctive  hard  pencil  for  marking  these  sight  lines,  and 
to  retain  a  softer  one  for  the  delineation  of  actual  objects 
and  details. 

All  points  thus  obtained  by  observation  from  the 
extremities  of  a  measured  base  line  are  those  of  primary 
triangles ;  when  again  the  plane-table  is  moved  to  any 
other  point  C,  and  ca  is  used  as  the  fixed  direction  of 
departure,  the  secondary  set  of  points,  K^  Z,  M,  etc.,  is 
obtained  in  a  similar  way,  but  these  are  less  accurately 
fixed.  Smaller  details  are  either  measured  by  offsets 
and  laid  down  to  scale,  or  as  is  more  frequently  the  case 
in  work  of  this  sort,  guessed  and  sketched.  The  closing 
up  of  the  sheets  among  themselves  on  sufficient  points 
common  to  two  of  them,  and  the  final  closing  on 
important  well-defined  points  laid  down  in  the  trian- 
gulation  of  some  larger  survey,  are  the  matters  that 
demand  the  most  care.  The  resulting  sheets  can  finally 
be  reduced  by  the  draughtsman  with  a  pantagraph,  or 
otherwise,  to  any  requisite  scale,  and  transferred  to  a 
general  plan  comprising  the  whole. 

The  remaining  appliances  used  in  such  work  are 
mostly  the  same  as  those  described  for  chain  surveys ;  the 
amount  of  measurement  is  small,  the  work  can  be  rapidly 
carried  on  by  two  men,  one  to  set  up  and  remove  poles 
and  marks,  the  other  to  manage  the  plane-table;  but  the 
results  are  necessarily  rather  coarse ;  in  some  cases 
pacing  or  taping  is  made  to  supersede  chaining  or  tele- 
metry, when   the   results   are   only  suited   to   military 
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purposes.  As  such  drawings  executed  in  the  field  must 
generally  involve  some  inaccuracy,  it  is  usual  to  make 
them  to  double  the  scale  of  the  intended  final  plan  or 
map,  and  afterwards  reduce  them  to  half  the  scale,  so  as 
to  entirely  eliminate  the  inaccuracies. 


Section  5.     Compass  Surveys, 

Compass  surveys  have  occasionally  been  executed 
on  a  large  scale  and  with  extreme  precision,  the  angular 
observations  in  such  cases  being  utilised  to  an  exactitude 
I  of  one  minute,  but  as  it  then  also  becomes  necessary  to 
enter  into  magnetic  observations,  and  verify  the  com- 
passes used  with  a  very  high  degree  of  refinement,  such 
surveys  involve  particular  care  and  special  operations, 
and  are  hence  comparatively  rarely  undertaken ;  their 
consideration  is  hence  n^lected  in  this  work.  The  gene- 
rality of  compass  surveys  are  very  limited  in  extent, 
and  may  be  said  to  be  restricted  to  conditions  under 
which  an  error  of  30  minutes,  due  to  diurnal  and  annual 
magnetic  changes,  or  to  local  attraction,  shall  not  affect 
the  visible  accuracy  of  the  survey  when  delineated  to 
the  required  scale :  the  actual  compass  readings  are  then 
taken  to  15  minutes,  or  more  frequently  only  to  20 
minutes.  (See  paragraph  on  Magnetic  Instruments, 
Chapter  I.,  page  42.)  Under  these  circumstances,  as 
these  surveys  are  based  on  the  principle  of  triangulation 
(described  in  Methods  of  Procedure,  page  72,  and  more 
fully  explained  under  the  head  of  Theodolite  Surveys), 
it  becomes  evident  that  their  extent  is  dependent  on 
the  size  of  the  lai^est  comprehensive  triangles  that  can 
be  used  without  final  appreciable  error  in  the  delineation  ; 
for  the  smaller  included  triangles  will  be  comparatively 
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free  from  error,  while  if  an  additional  set  of  triangles 
were  subjoined  to  the  primary  comprehensive  triangles 
they  would  be  vitiated  by  a  double,  or  a  further  amount 
of  error. 

For  instance,  if  we  suppose  that  the  longest  side  of 
one  of  the  comprehensive  primary  triangles  is  1000  feet, 
and  that  the  liability  to  error  in  compass-bearing  is 
20  minutes ;  this  will  then,  if  roughly  represented  by  its 
sine  at  that  distance,  be  equal  to  about  58  feet.  If  also 
the  scale  of  representation  adopted  renders  such  a  dis- 
tance practically  inappreciable,  as  it  would  be  either 
with  a  scale  of  400  feet  to  an  inch,  or  of  so^jTo^h,  or  any 
smaller  scale,  then  primary  triangles  of  this  extent  may 
be  correctly  adopted  ;  but  if  a  subjoined  set  of  triangles 
be  applied  to  these,  the  errors  in  the  second  set,  if  equal 
in  extent  to  the  former,  may  amount  to  double  those  of 
the  first,  or  may  be  i  r6  feet,  which  becomes  appreciable 
on  the  scale  of  50*0^^^- 

It  is  hence  best  to  limit  such  surveys  to  one  set  of 
comprehensive  primary  triangles,  having  their  angles  or 
extremities  visible  from  each  other,  or  at  least  from 
some  one  or  two  central  points,  while  the  extreme  length 
of  any  side  should  be  so  limited  that  the  error  resulting 
from  inaccuracy  of  chainage  of  the  measured  base,  and 
that  from  angular  observation,  shall  together  be  an 
inappreciable  quantity  on  the  scale  of  representation 
adopted. 

It  is  also  evident  from  the  foregoing  considerations 
that  it  is  seldom  advisable  or  possible  to  include  in  any 
such  single  compass  survey  an  extent  of  more  than  half 
a  mile  of  country  :  and  that  such  work  is  best  suited  to 
the  filling  in  of  details  of  larger  surveys  on  a  compa- 
ratively small  scale  by  means  of  pieces  based  on  inde- 
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pendent  triangulation  determined  with  more  accurate 
instruments.  It  is  however  for  the  same  reason  altogether 
unsuited  to  small  engineering  survqrs  to  be  delineated 
on  a  large  scale  with  much  precision. 

Restricting  therefore  compass  surveys  to  such  limits, 
the  ordinary  modes  of  procedure  adopted  are  as  follows. 

By  triafigulation, — When  the  whole  of  the  details 
within  any  area  have  to  be  surveyed,  the  principle  of 
triangulation  is  adopted ;  a  base  line  is  measured  in 
some  convenient  open  part  of  the  country  that  is  com- 
paratively level  and  free  from  obstruction,  its  extremities 
being  chosen  so  that  most  of  the  important  points  around 
may  be  visible  from  them,  and  so  that  the  whole  of  the 
area  may  be  included  in  one  series  of  comprehensive 
triangles,  which  either  have  the  base  line  for  a  side,  or 
have  one  or  other  extremity  of  the  base  for  an  apex. 
Compass  bearings  are  then  taken  from  the  two  ends  of 
the  base  to  all  visible  important  points ;  and  check 
bearings  are  also  taken  from  each  of  these  points  seve- 
rally both  on  all  the  rest  that  happen  to  be  visible  and 
on  the  ends  of  the  base.  Smaller  detail  is  interpolated 
in  the  same  way  by  bearings  from  these  points  to  minor 
objects,  such  as  hedge  corners,  gates,  comers  of  walls, 
and  buildings  ;  occasionally,  also,  short  distances  as  well 
as  offsets  are  measured  with  the  tape  to  aid  in  com- 
pleting the  detail  and  minor  triangulation.  The  next 
portion  of  survey  is  conducted  in  the  same  way,  some 
of  the  extreme  points  of  the  first  survey  acting  as  points 
in  the  second  portion  ;  should  these  closing  points  of 
the  two  portions  show  appreciable  error,  bases  of  verifi- 
cation may  be  measured,  similar  to  the  measurement  of 
the  original  base  lines,  between  any  of  these  closing 
points,  and  the  plotting  of  the  two  portions  of  survey 
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may  then  be  readjusted  in  accordance  with  the  verified 
bases.  In  plotting  this  all  unchecked  bearings  and 
faulty  points  have  to  be  rejected. 

A  large  extent  of  country  may  thus  be  surveyed  in 
pieces,  the  portions  being  afterwards  joined  and  fitted  with 
care,  provided  that  they  be  also  fitted  and  adjusted  to  a 
series  of  well-defined  and  easily-obtained  points  occurring 
in  some  more  comprehensive  triangulated  survey  of  the 
same  country,  such  as  a  Great  Trigonometrical  or  a  good 
topographical  survey  ;  but  without  some  such  aid,  the 
junction  of  a  series  of  pieces  of  compass  survey  cannot 
be  effected  with  much  accuracy  ;  and  the  pieces  are  then 
merely  of  value  as  independent  portions. 

For  further  information  as  to  triangulation,  and 
measuring  and  prolonging  base  lines,  see  paragraphs  on 
such  subjects  in  Chain  Surveys  and  Theodolite  Sur- 
veys 

By  traversing. — When  survey  details  are  merely 
required  along  or  in  the  proximity  of  some  line  of  route, 
however  circuitous  it  may  be,  the  method  of  procedure 
known  as  traversing,  explained  at  page  72,  is  adopted 
in  preference  to  triangulation.  Each  forward  and  each 
corresponding  back  bearing  is  obtained  with  the  com- 
pass, and  each  distance  between  stations  is  measured 
or  observed  ;  and  checks  are  afforded  by  taking  addi- 
tional bearings  on  lateral  conspicuous  objects,  spires, 
buildings  and  towers.  A  compass  traverse  when  adopted 
as  a  means  of  filling  in  details  of  land  surveys  to  be 
plotted  on  a  moderate  scale,  between  yoVo^^  and 
Toooo^h,  should  seldom  exceed  a  mile  in  length ;  as  the 
errors  of  observation  in  the  route  bearings  may  accumu- 
late to  a  very  seriously  appreciable  extent ;  and  if  the 
route  be  made  up  of  a  large  number  of  short  distances, 
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k>$lic  liability  to  error  becomes  greater;  hence  the  neces- 
tSity  for  ffquent  closing  on  points  determined  by  some 
more  accurate  means,  as  before  mentioned  in  compass 
'  triangulation,  or  the  need  for  completing  or  closing  the 
traverse  by  continuing  it  bj'  some  other  return  route 
back  to  the  starting  point,  unless  the  lateral  objects  have 
afforded  sufficient  check  on  its  accuracy. 

Closing  a  traverse. — A  closed  traverse  in  either  of  these 
cases  forms  an  irregular  polygon  ;  for  if  any  two  closing 
points  in  it  have  been  previously  determined,  their  dis- 
'3'tance  apart  and  azimuth  is  known,  or  can  be  obtained 
'  from  a  plan,  and  this  becomes  one  of  the  sides  of  the 
polygon  ;  while  if  the  traverse  is  continued  until  it  closes 
on  its  starting  point,  all  its  sides  and  angles  are  obtained 
from  the  measurements  and  bearings.  To  check  the  accu- 
racy of  the  bearings,  deduce  from  them  all  the  inward 
angles  of  the  complete  polygon  ;  distinguishing  those 
that  are  re-entering  from  those  that  are  salient,  and 
taking  the  sum  of  the  whole,  check  it  by  the  formula 
given  at  page  48  in  the  collection  of  formulae. 

Reduction  to  a  single  meridian. — In  plotting  compass 
surveys,  whether  triangulation  or  traverse,  the  bearings 
are  moie  usually  laid  down  carefully  on  paper  with  a 
large  protractor;  there  is,  however,  in  traverse  work 
much  risk  of  undiscoverable  error  in  so  doing,  for 
although  the  angles  and  consequently  the  bearings  may 
be  checked  and  found  correct  by  the  formula,  any  of  the 
distances  may  be  incorrectly  scaled  or  laid  down.  To 
obviate  this  risk  as  well  as  to  avoid  protracting  angles 
or  bearings,  the  whole  of  the  traverse  may  be  referred 
to  rectangular  coordinates,  or  reduced  to  any  single 
convenient  meridian,  such  as  one  passing  through  two 
adjacent  points  of  the  traverse,  or  through  the  starting 
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point  and  the  magnetic  north :  each  inclined  or  measured 
distance  is  thus  resolved  into  two  parts,  one  taken  along 


Figure  17.    Compass  Traverse. 

the  assumed  meridian,  the  other  at  right  angles  to  it ; 
the  calculation  being  effected  with  the  aid  of  a  table  of 
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sines  and  cosines  or  with  traverse  tablea  The  algebraic 
3um  of  each  of  these  sets  of  resolved  distances  should  in 
any  closed  traverse  be  equal  to  zero,  and  this  affords  a 
verification  of  the  accuracy  of  the  whole  before  plotting 
it,  and  enables  it  to  be  plotted  correctly  without  altera- 
tions. 

The  small  unclosed  traverse,  shown  in  figure  17,  is 
reduced  to  a  single  meridian  in  the  following  table : 
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L 


Reduction  of  Traverse  to  a  Meridian  passing 

through  a. 


Observed  « 

Dis- 

Stations Bearings 

tances 

A 

69^30' 

225 

B 

320  30 

1350 

C 

325  30 

1380 

D 

358 

1230 

E 

360 

II60 

P 

9  30 

1710 

G 

4  30 

1320 

H 

337 

970 

I 

2 

I2IO 

J 

15 

540 

K 

347  30 

2140 
13235 

Reduced 
Bearings 

69«>3o'NE. 
39  30  NW. 
34  30  NW. 

2    oNW. 

o    o  N. 

9  30  NE. 

4  30  NE. 
23    oNW. 

2  ONE. 
15  o  NE. 
12  30  NW. 


Consecothre  Co* 

oidtnates 

Lat.  Dep. 

79  N.  214  W. 

1041  N.  858  W. 

I137N.  781  W. 

1229  N.  4  W. 

1160N.  o 

1686  N.  282  E. 

1316  N.  103  E. 

892  N.  379  W. 

1209  N.  42  E. 

521  N.  139  E. 

2089  N.  463  W. 

12359  N.  2699  W. 

o  S.  566  E. 


Independent 

CoKMrdiaates 

N.   W. 


79 
1 128 

2257 

3486 

4646 

6332 
7648 
8540 

9749 
10270 

12359 


214 

1072 

1853 
1859 

1857 

1575 
1472 

1851 

1809 

1670 

2133 


Sum 


12359  N.  2133  W. 


To  obtain  these  reduced  values ;  let  P  be  the  ob- 
served bearing  at  a  preceding, /^  the  observed  bearing  of 
a  following  station  ;  if  a  the  inward  angle  at  the  station 
be  required,  then  a  =  F~-P^i8o° ;  using  the  negative 
sign  when  /^-fa<l8o°,  and  the  positive  when  it  is 
greater.  The  reduced  bearing  R  in  any  quadrant  is 
thus  obtained  ;  when  Flies  between  0°  and  90°,  R  =  F 
and    lies   NE. ;    when   F  lies   between   90°   and    I8o^ 
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R=i8o°'-F  and  lies  SE. ;  when  F  lies  between  180** 
and  270^  R^F— I  So"  and  lies  SW. ;  and  when  Flies 
between  270**  and  360°,  R^iGd'  —  Fy  and  lies  NVV. 

The  separate  co-ordinates  are  thus  obtained ; 
Each  abscissa  along  the  meridian 

=  corresponding  distance  x  cosin  R^ 

Each  ordinate  or  departure 

=  corresponding  distance  x  sine  R  ; 

these  separate  co-ordinates  are  added  up  or  subtracted, 
in  accordance  with  their  signs  being  similar  or  different, 
from  the  starting  point  up  to  the  point  whose  indepen- 
dent co-ordinates  are  required  ;  that  is  to  say,  up  to  each 
one  successively  ;  and  when  the  traverse  is  a  closed  one. 
round  back  to  the  starting  point  again  where  the  final 
verification  is  shown  by  proving  its  co-ordinates  through 
results  of  the  summation  to  be  equal  to  zero. 

Compass  traverses  of  large  extent  to  be  delineated 
on  a  very  small  scale,  such  as  those  of  travellers  and 
navigators,  are  to  a  certain  extent  based  on  the  same 
principle  or  method  of  procedure.  A  chapter  will  sub- 
sequently be  devoted  to  the  special  subject  of  route 
surveys. 

Details  of  traverse  work, — The  above  constitutes  the 
skeleton  of  the  traverse  work  ;  the  adjacent  details  or 
filling  in  may  be  done  by  distances  and  offsets  measured, 
or  with  the  occasional  aid  of  minor  triangulation  as 
before  explained. 

The  verification  of  the  compass. — The  compass  used 
in  surveys  of  small  extent  requires  merely  rough  verifi- 
cation ;  the  magnetic  meridian  can  only  be  indicated  as 
accurately  as  the  graduation  of  its  circle  will  admit. 
The  variation  of  the  compass  at  Greenwich  in  1879  *s 
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18°  45*  W. ;  and  the  tnasnetic  elraientj  are  given  every 
year  in  Whitakef's  Almanac  To  detennine  tixe  varia- 
tion of  any  compass,  used  at  any  place  and  time,  ia 
[MracticaUy  to  read  the  bearing  when  s^hted  in  the  di- 
rection of  the  true  meridian.  Various  modes  of  finding  the 
meridian  are  mentioned  in  the  duq>ter  on  Astronomical 
Observations  on  route  surveys ;  but  the  most  simple^nd 
rough  methods,  not  requiring  the  tdd  of  a  Nautical  Al- 
manac or  of  accurate  instruments  are  the  two  fdlowing : 
1st  Take  the  bearings  of  die  aah  at  sunrise  and  at  sun- 
set, when  its  lower  limb  is  a  aemidiameter  above  the 
horizmi,  the  bisectiMi  of  the  angle  formed  will  be  the 
direction  of  the  true  meridian.  2nd.  The  directicm  of 
the  polestar  is  that  of  the  true  meridian,  when  a  plummet 
shows  tliat  a  true  line  passing  through  it  and  the  star 
Alioth,  e  Ursse  Majoris  (the  fifth  star  of  the  Great  Bear) 
is  truly  vertical.  Having  thus  either  plumbed  down  and 
piLketedthe  true  meridian  from  any  spot,  or  determined 
the  correct  azimuth  of  any  spire  or  mark  from  it,  the 
marks  should  be  made  permanent  for  future  purposes  of 
verification, 

A  specimen  of  Compass-Survey  is  given  in  Plate  IV.  . 
and  Field-record  No.  III. 

Section  6.  SEXTANT  Surveys. 
The  adjustments  of  the  surveying  sextant  have  been 
explained  in  the  paragraph  on  Reflecting  Instruments 
(page  40).  In  the  abstract  the  instrument  would  appear 
most  perfect  for  the  purposes  of  the  surveyor,  being 
extremely  portable  and  giving  angular  readings  to  20 
seconds,  as  well  as  being  free  from  all  the  liability  to 
error  that  is  so  inconvenient  in  magnetic  instruments.  In 
practice,  however,  it  is  not  so  much  used  as  would  other- 
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wise  be  the  case,  chiefly  for  the  following  reasons.  In  the 
first  place,  as  it  does  not  give  angles  in  the  exact  plane 
of  the  horizon,  but  in  the  plane  of  the  eye  of  the 
observer  and  the  two  objects  observed ;  it  either  becomes 
necessary  to  take  two  altitudes  with  each  angle  and  to 
reduce  it  by  calculation  to  a  horizontal  angle  (the 
formulae  and  examples  for  this  are  given  at  page  59  in 
the  collection  of  formulae),  or  it  is  necessary  to  set  up 
a  rod  strictly  vertical,  or  to  hang  a  plumb-line  in  the 
exact  direction  from  the  observer  of  one  of  the  ob- 
jects, and  then  handle  the  instrument  in  an  approximate 
horizontal  plane,  and  observe  a  horizontal  angle.  Besides 
the  inconvenience  and  tediousness  of  setting  up  addi- 
tional rods  or  plumb-lines  with  accuracy  for  every  set  of 
angles,  in  windy  weather  it  is  impracticable  to  observe 
on  them  with  precision  ;  while  permanent  vertical  lines, 
such  as  edges  of  buildings,  are  not  always  available,  and 
anything  approaching  to  the  guesswork  involved  in  dis- 
pensing with  vertical  lines  may  vitiate  the  whole  of  the 
angular  observations.  In  the  second  place,  the  exact  super- 
position of  the  direct  and  the  reflected  image  is  essential 
to  a  correct  angular  observation  ;  in  clear  weather,  and 
with  well-defined  objects  not  more  than  90'^  apart,  this 
is  easy ;  but  when  the  objects  are  ill-defined,  the  weather 
dull  (as  is  frequent  in  Great  Britain),  and  when  the 
angle  is  between  90°  and  120°,  so  that  the  mirror  pre- 
sents a  narrow  breadth  to  the  observer's  eye,  the  opera- 
tion involves  considerable  doubt  and  has  to  be  repeated 
once  or  twice  ;  this  is  both  troublesome  and  tedious. 
These  two  objections  render  the  instrument  inconve- 
nient in  triangulation,  while  the  difficulty  in  observing 
very  obtuse  angles  with  it,  and,  in  fact,  the  impossibility 
without  a  supplementary  arc,  render  it  inconvenient  in 
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traverse  work.  It  is  hence  often  relegated  by  siir- 
ve)^rs  to  the  class  of  appliances  for  occasional  use 
in  special  cases  apart  from  the  above.  The  special 
ttsa(  are,  that  an  occasional  hcmxontal  ai^le  observed 
with  it  may  be  useful  as  a  check  in  compass  triangula- 
ticm,  that  an  angle  of  altitude  observed  with  it  may  be 
occasionally  wanted  to  deteitnine,  or  to  akl  in  determin- 
ing, the  height  of  a  building  or  other  such  object ;  and  that 
it  is  useful  in  setting  out  or  verifying  a  horizontal  angle 
up  to  about  ofd"  with  precision  in  works  of  construction. 
Surveys  of  small  extent  can,  however,  undor  favourable 
circumstances  be  accurately  made  with  the  stictant 

i%i.  By  triangulation.  Flat  country  is  most  suitable 
to  surveying  with  the  sextant,  as  the  station  poles  used 
as  survey  marks  then  more  frequently  afford  sufficient 
length  to  serve  as  vertical  lines,  and  aid  in  obtaining  the 
horizontal  angles  correctly.  A  base  line  is  measured  (as 
for  compass  survey  before-mentioned),  and  a  network  of 
triangles  conveniently  arranged  by  choosing  suitable 
positions  for  stations.  The  best  triangle  for  survey 
purposes  in  triangulation  is  equilateral,  but  in  practice 
the  angle  should  not  exceed  lOo''  or  be  less  than  30**.  The 
three  angles  of  every  triangle  should  be  observed,  as 
their  sum  being  180°  affords  a  check  on^  the  angular 
observations.  The  larger  triangles  should  be  as  com- 
prehensive as  circumstances  admit  Under  ordinary 
circumstances,  as,  for  instance,  with  a  base  line  of  about 
1000  feet,  and  an  adopted  scale  of  representation  less  than 
yJ>5-^th,  three  sets  or  series  of  comprehensive  triangles 
can  be  surveyed,  after  starting  from  the  base,  without 
accumulating  serious  error;  but  so  much  depends  on 
the  scale  of  delineation  adopted,  and  the  adventitious 
circumstances  affecting  the   accuracy  of   the    angular 
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observations,  that  no  precise  rule  can  be  laid  down. 
In  plotting  the  work,  the  whole  of  the  sides  of  all, 
the  triangles  may  be  calculated  and  then  laid  down  to 
scale,  or  the  base  line  may  alone  be  laid  down  to  scale, 
and  the  angles  plotted  with  a  protractor ;  the  former 
mode  is  better,  the  latter  is  more  rapid ;  and  both^ 
methods  together  afford  verification.  The  principles  of» 
triangulation  hereafter  explained,  under  the  head  of 
Theodolite  Survey,  are  applied  in  a  rough  manner  in 
sextant  survey  of  this  class,  which  is  generally  limited 
to  a  square  mile  of  country;  the  details  or  filling  in 
of  the  triangles  may  be  most  rapidly  carried  out  by 
distances  and  offsets  and  compass  bearings  in  the  way 
previously  mentioned  in  the  paragraph  on  Compassj 
Survey. 

2nd.  By  traversing.  In  traversing  with  the  sextant 
flat  country  is  as  advantageous  as  it  is  in  triangulation. 
The  principle  of  traversing  has  been  already  explained 
at  page  72,  and  its  application  in  chain  survey  and 
compass  survey  at  pages  93  and  104.  The  chief  diffi- 
culty in  traversing  with  the  sextant  consists  in  the 
observation  of  any  very  obtuse  angles.  These  may 
severally  be  divided  into  two  acute  angles  by  using  an 
available  lateral  point ;  but  a  better  device  is  to  employ 
advanced  points  on  the  produced  lines  of  traverse,  and 
thus  to  confine  angular  observation  to  acute  angles  only.* 
For  instance,  if -^^,  BCy  CD,  be  three  lines  of  traverse, 
the  inward  angles  B^  C\  D  being  obtuse,  but  less  than 
180°,  let  ABb  be  the  starting  direction  and  AB  the  first 
measured  distance,  b  being  the  position  of  a  pole  set  up 
further  on  in  the  same  direction.  On  arrival  at  B,  after 
setting  up  a  pole  at  c  further  on,  the  acute  angle  bBc 
is  observed,  and  its  supplement  the  inward  angle  ABC 
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recorded ;  after  measuring  BC,  the  acute  angle  cCd  is 
observed,  and  its  supplement  the  inward  angle  BCD 
recorded  ;  and  so  on  throughout  the  traverse,  except 
whenever  the  inward  angle  happens  to  be  acute,  in  which 
case  it  can  be  observed  and  recorded  as  Huch.  This  pro- 
cess is  suited  to  tolerablyopen  country,  and  along  rather 
straight  roads,  but  not  along  very  winding  lines  of  route 
with  hedges  or  obstacles  on  both  sides ;  it  may  be  much 
facilitated  by  any  conspicuous  object  such  as  a  spire  in 
the  general  direction  forward,  as  the  acute  angles  may 
then  be  observed  on  it  and  the  advanced  poles  b,  c,  d. 
etc.  dispensed  with  ;  the  direction  of  that  object  from 
the  first  station  may  then  be  used  as  the  meridian  of 
reference  inalead  of  tlic  ataiting  direction  AH.  It  is 
very  necessary  to  note  in  the  record  whenever  the  actual 
inward  angle  is  more  than  i8o°,  in  which  case  it  is  not 
the  supplement  of  the  observed  acute  angle,  but  is  equal 
to  the  sum  of  it  with  1 80°.  Checks  on  lateral  objects 
are  more  necessary  in  such  traverses  than  in  compass 
traversing,  where  every  forward  bearing  is  verified  by  a 
back  bearing,  as  a  corresponding  verification  is  not 
always  possible  in  such  sextant  traverses  ;  for  example, 
the  angle  bBC  may  be  observed  at  B,  but  the  angle 
bCB  may  not  be  possible  of  observation,  and  even 
if  it  should  be,  it  does  not  alone  afford  any  verifica- 
tion ;  hence  the  necessity  for  well-defined  lateral 
objects. 

Reduction  to  a  single  meridian.  —  The  principles 
involved  in  reduction  have  been  explained  under  com- 
pass traversing;  the  distances,  inward  angles,  and  the 
bearing  of  one  traverse  line,  being  observed,  the  rest 
is  reduced  as  in  the  following  example  which  is  illustrated 
in  f^ure  18. 
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Section  7.    Theodolite  Surveys. 

The  adjustments  and  corrections  in  angular  observa- 
tion  that  may  be  required  in  using  the  theodolite  are 
explained  in  Chapter  I. 

As  surveys  in  which  the  theodolite  is  used  may  be 
of  any  extent,  large  or  small,  and  may  be  either  for 
general  or  special  purposes,  they  can  only  conveniently 
be  classified  under  the  heads  of 

Triangulation  surveys,  and 
Traverse  surveys, 

and  combinations  of  the  two ;  purely  traverse  surveys 
being  more  generally  confined  to  special  and  engineering 
purposes,  on  works  of  communication. 

Triangulation  surveys^  as  ordinarily  conducted  for 
topographical  purposes  of  large  or  of  moderate  extent, 
arc  based  on  the  same  principles,  operations,  and  modes 
of  procedure  as  are  now,  or  were  originally  adopted  in 
the  Great  Trigonometrical  surveys  of  large  countries. 
These  latter  are  beyond  the  scope  of  this  work,  but  the 
operations  employed  in  them  will  be  referred  to,  not  for 
exact  imitation,  but  for  the  guidance  they  afford  in 
carrying  out  corresponding  operations  with  less  precision 
on  the  same  principles.  The  principal  points  in  which- 
such  topographical  surveys  differ  in  operation  from  Great 
Trigonometrical  surveys  are  the  following. 

1st.  Astronomical  observations  of  latitude  and  longi- 
tude are  very  frequently  dispensed  with. 

2nd.  The  spheroidal  form  of  the  earth's  surface  is 
either  entirely  neglected,  all  triangles  being  treated  as 
plane,  or  in  extreme  cases  the  very  simple  method  of 
Legendre  is  adopted  for  treating  large  triangles  as  plane 
after  applying  a  correction  to  the  angles  observed. 
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3rd.  The  country  is  completely  covered  by  a  net- 
work of  triangulation,  instead  of  divided  into  parallelo- 
grams by  meridional  and  latitudinal  series  of  triangles. 

4th.  The  angular  observations  are  made  with  small 
portable  theodolites,  having  plates  with  graduated  arcs 
of  4,  5,  or  6  inches,  and  in  exceptional  cases  8  inches  in 
diameter,  which  read  to  20,  10,  or  5  seconds,  instead  of 
with  immense  theodolites  reading  to  hundredths  of  a 
second. 

5th,  The  measurement  of  base  lines  is  carried  out 

I  with  the  simple  surveyor's  chain,  and  perhaps  repeated  a 

rfew  times  without  using  the  troughs,  trestles,  straining 

weights,  screw-marliing-points  and  compensating  bars 

adopted  in  the  Great  Trigonometrical  survey. 

6th.  The  whole  scale  of  operation  and  the  amount  of 
accuracy  required  are  smaller,  the  appliances  more 
portable,  the  work  more  rapid,  and  the  number  of  men 
employed  less. 

The  preliminary  considerations  before  starting  the 
actual  surveying  are : 

1st.  The  extent  of  country  to  be  surveyed  and  its 
nature :  whether  hilly,  flat  or  cramped,  or  intersected  by 
rivers,  covered  with  buildings,  wood,  forest,  or  marsh,  or 
any  obstacles  that  may  impede  work  in  certain  parts 
of  it.  2nd.  The  scale  on  which  the  survey  is  to  be 
delineated  or  represented  ;  and  the  limiting  error  in  mea- 
surement that  becomes  inappreciable  on  the  final  plan. 
3rd.  The  amount  of  detail  required :  such  as  whether 
every  field  and  hedgerow  is  to  be  shown  on  the  plan,  or 
whether  every  building,  or  only  every  block  of  build- 
ings, or  every  frontage,  or  limit  of  holdings  is  to  be 
shown.  4th.  Any  information  that  may  bear  on  the 
special  objects  for  which  the  survey  may  be  made. 
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5th.  The  amount  of  time  available,  and    the  number 
of  assistants,  men,  instruments,  and  appliances. 

Selection  of  Base  Lines  and  Principal  Stations. — These 
matters  having  been  considered,  the  first  operation  is  to 
examine  the  tract  of  land,  country  or  town,  with  the 
view  of  choosing  suitable  positions  for  measuring  a  base 
line,  and,  if  necessary,  also  bases  of  verification,  and  of 
arranging  the  distribution  of  the  principal  station-points 
over  the  whole  tract.  All  such  positions  may  then  be 
roughly  marked  on  the  ground,  and  recorded  with  dis- 
tinguishing letters  or  numbers  in  a  rough  sketch  in  the 
field-book. 

The  conditions  most  favourable  for  a  base  line  are 
an  open  flat  extent  of  country,  unimpeded  by  obstacles 
of  any  sort  or  long  grass  or  vegetation  ;  the  ground 
moderately  soft  and  capable  of  holding  the  iron  pins  or 
skewers  used  with  measuring  chains,  or  at  least  capable 
of  being  marked  without  chiselling  at  each  chain  length. 

The  length  required  for  a  base  line  must  be  suited  to 
the  triangulation  dependent  on  it ;  if  the  survey  is  ex- 
tensive the  sides  of  the  main  triangles  are  as  long  as 
possible  in  accordance  with  the  powers  of  the  theodolite- 
telescopes  used,  and  as  the  form  of  triangle  most  suited 
to  survey  purposes  is  equilateral,  the  length  of  base  line 
is  then  more  governed  by  the  two  practical  circumstances 
of  the  conditions  of  the  ground  and  the  powers  of  the 
instruments  than  by  other  considerations. 

The  extremities  of  the  base  line  should,  when 
marked,  be  clearly  visible  from  the  country  around,  and 
hence  an  elevated  plateau  is  an  advantageous  position 
for  a  base  line  of  an  extensive  survey;  but  it  is  not  by 
any  means  indispensable  that  the  two  extremities 
should  be  visible  from  each  other ;  if  circumstances  are 
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favorable  in  other  respects,  intermediate  points  in  the 
base  line  may  be  ranged  with  extreme  care  to  make  up 
for  the  defect. 

Should  it  happen  that  the  ground  does  not  offer 
facilities  for  the  direct  measurement  of  a  sufficiently  long 
base,  as  may  happen  when  other  conditions  are  favor- 
able, the  greater  portion  of  the  base  should  be  measured, 
and  the  length  of  an  additional  piece  carefully  obtained 
by  calculation  by  any  of  the  methods  of  piulonging 
bases  hereafter  described  in  the  paragraph  on  measure- 
ment of  base  lines. 

The  choice  of  station-points  for  the  main  triangiila- 
tion,  or  principal  network  of  triangles  to  bo  spread  over 
the  tract  of  country  will  necessarily  be  in  accordance 
with  the  sizeof  the  triangles  determined  as  most  suitable 
to  the  conditions  and  extent  of  the  tract,  or  the  maxi- 
mum and  minimum  limits  laid  down  for  the  sides  of 
these  triangles  ;  the  position  of  the  points  should  be  so 
arranged  that  the  signal  flag  at  each  one  may  be  visible 
from  the  neighbouring  points  of  observation,  and  thus 
admit  of  the  observation  of  all  three  angles  of  every  tri- 
angle ;  rather  elevated  points  on  open  ground  are  hence 
to  be  preferred.  If  a  spire  or  tower  is  made  one  of  the 
main  triangulation  points,  and  happens  to  answer  the 
purposes  of  a  signal  point  only  without  affording  facihties 
for  setting  up  an  instrument  and  taking  angles  from  it. 
a  satellite  station  of  observation  at  a  very  short  distance 
from  the  former  must  be  used,  and  the  angles  observed 
there  reduced  by  calculation  to  the  point  observed. 
(See  formula  in  general  collection.)  This,  however, 
should  be  avoided  whenever  possible.  Two  satellite 
stations  or  two  inaccessible  points  are  inadmissible  in 
'any  one  triangle.     The  triangles  adopted  in  main  trian- 
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gulation  should  not  have  any  angles  less  than  30**  or 
greater  than  120°,  and  are  preferable  when  nearly  equi- 
lateral. 

The  demarcation  of  the  survey  points  has  been 
already  treated  on  in  section  vi.,  Chapter  I.,  pp.  67-69 ; 
but  in  this  special  branch,  the  marking  of  points  for  ex- 
tensive main  triangulation,  it  is  necessary  to  mention 
that  much  loss  of  time  may  ensue  from  inability  to  find 
points  badly  marked,  or  from  signals  being  removed  or 
altered  in  position  by  the  action  of  the  wind  ;  also,  that 
however  desirable  it  may  be  to  have  such  triangulation 
as  large  and  comprehensive  as  practicable,  it  is  a  con- 
siderable disadvantage  to  have  to  wait  for  very  clear 
weather  in  order  to  discern  very  distant  signal  poles.  In 
the  Great  Trigonometrical  survey  of  a  country  it  is  worth 
while  to  wait  months  for  an  opportunity  of  observing  on 
a  very  distant  point,  but  in  ordinary  operations  that 
is  not  the  case,  hence  these  practical  disadvantages  re- 
quire attention. 

Next  as  regards  very  distant  stations :  the  elevated 
signal  point  to  be  seen  from  a  long  distance  has  to 
be  elevated  in  accordance  with  available  means,  and 
the  corresponding  point  of  observation  on  the  ground  or 
position  of  the  instrument  must  be  plumbed  down  ;  but 
at  the  same  time,  to  afford  the  necessary  amount  of  con- 
venience, the  height  of  the  signal  point,  which  is  gene- 
rally the  point  where  the  lower  edge  or  sometimes  the 
upper  edge  of  the  bunting  joins  the  pole,  should  never 
be  less  than  one  foot  per  mile  of  the  extreme  distance 
of  observation  above  the  level  of  the  lowest  observing 
station  in  the  immediate  neighbourhood  ;  it  is,  of  course, 
better  to  elevate  it  more.  When  the  signal  pole  is  not 
fixed   to   branches  of  a  tree  or  to  other  ready  struc- 
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tures,  a  framed  support  or  tripod  becomes  necessary  ;  the 
base  of  this  should  for  security's  sake  be  equal  to  ha!f 
the  actual  height. 

The  single  set  of  triangles  constituting  the  main 
triangulation  require  some  verification  beyond  the  obser- 
vations merely  sufficient  for  laying  them  down,  or  plot- 
ting them  ;  this  is  generally  effected  by  extra  angular 
observations  which  thus  afford  independent  calculations 
through  another  set  of  triangles,  but  when  these  fail  or 
are  insufficient,  two  or  even  three  bases  of  verification 
may  be  necessary.  The  position  of  these  bases  should 
be  such  as  to  afford  a  clieck  on  the  whole  system  of 
triangles,  and  hence  be  near  the  extremities  of  the  tract 
surveyed ;  in  other  respects  their  positions  should  have 
most  of  the  advantages  mentioned  as  necessary  for 
original  base  lines. 

Measurement  of  a  base. — A  tolerably  level  site  having 
been  selected,  the  base  line  is  measured  with  a  correct 
chain,  either  of  loo  feet,  or  of  66  feet,  as  may  be  suit- 
able ;  careful  comparison  of  the  chain  with  a  standard 
both  before  and  after  measurement  is  necessary,  and  the 
operation  should  be  repeated  several  times  to  obtain  a 
mean.  (The  mode  of  chaining  is  described  in  the  section 
on  Chain  Surveying,  page  84).  In  hot  countries  or 
under  special  circumstances,  it  may  also  be  necessary  to 
note  the  temperatures  on  each  occasion,  and  to  reduce 
the  results  to  some  standard  temperature,  as  62°  Fahren- 
heit The  extremities  of  the  base  should  have  been 
previouslycarefuily  picketed,  or  chisel-marked  on  blocks 
of  stone  imbedded  in  the  ground  ;  intermediate  points 
not  more  than  ten  chains  apart  having  been  marked 
with  pickets  ranged  in  with  the  theodolite  or  portable 
transit  instrument  to  ensure  straight  chaining.     As  the 
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base  line  is  nearly  level,  or  consists  of  a  small  number 
of  pieces  of  gradual  inclination,  the  chaining  may  be 
conducted  on  the  actual  ground  (not  by  stepping)  any 
small  unevenness  being  removed  or  avoided  by  using 
bricks  or  planks  laid  down  ;  a  correct  section  of  the 
base  line  may  then  be  obtained  by  levelling,  and  the 
horizontal  reductions  for  these  pieces  applied  to  obtain 
a  true  horizontal  reduction.  Lastly,  as  the  plan  of  the 
survey  is  to  be  a  horizontal  projection  at  an  elevation 
of  mean  sea  level,  the  corrected  base  must  be  diminished 
on  this  account,  or  reduced  to  mean  sea  level,  by  the 
following  formula. 

Let  Z  =  the  corrected  base  already  obtained, 

/=the  base  when  reduced  to  mean  sea  level, 
A=the  elevation  of  the  base  above  M.S.L.  in  feet, 
/?  =  the  radius  of  the  earth  in  feet, 

then/=Z^^  =  z(i-|.J,-&c.) 

=Z— --  nearly. 

And  this  reduced  value  should  be  used  in  plotting  the 
plan  of  the  main  triangulation. 

In  small  surveys  all  these  corrections  are  not  neces- 
sary, the  amount  of  exactitude  has  then  to  be  suited  to 
the  conditions  of  the  case,  the  scale  of  the  plan,  and 
other  matters ;  but  the  effect  of  error  in  the  measured 
distance  should  always  be  taken  into  consideration  as 
regards  results  at  the  extreme  end  of  the  triangulation 
depending  on  it.  It  is  evident  that  the  errors  in  the  cal- 
culated sides  of  the  first  triangle  will  be  in  proportion 
to  the  lengths  of  these  sides,  and  that  these  errors  will 
be  continually  magnified  in  proceeding  through  a  whole 
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series  of  dependent  triangles,  until  they  become  inadmis- 
sible from  their  enormity.  Certain  limits  of  error  must 
therefore  be  fixed  as  suitable  to  the  case. 

Modfs  of  cxtetiding  a  base  Ihte  witlwut  measu^e- 
ment. — It  sometimes  happens  that  the  ground  is  not 
suited  to  the  measurement  of  the  whole  of  a  base  line  ; 
in  this  case  a  portion  only  is  measured  and  the  rest 
calculated  in  accordance  with  one  or  other  of  the  tM'o 
following  modes. 

I  St.  Wlien  the  measured  base  AB  can  be  conve- 
niently prolonged  in  both  directions  towards  E  and  F. 


Select  two  temporary  station  points  C  and  D,  so  that 
the  resulting  triangles  ACB,  ADB  may  be  well  condi- 
tioned, and  if  possible  nearly  equilateral  ;  observe  all  the 
angles  of  these  two  triangles  and  calculate  the  side  CD 
through  each  triangle,  thus  verifying  the  result ;  then 
choose  two  points  E  and  F  in  the  prolongation  of  AB, 
so  that  the  triangles  CDE,  CDF  may  be  well-con- 
ditioned; observe  all  the  angles  in  these  two  triangles, 
and  calculate  EF  t\v\ce.  through  separate  triangles. 

2nd.  When  the  prolongation  can  be  conveniently 
effected  in  only  one  direction,  as  towards  F\  a  corre- 
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spending  method  can  be  adopted,  which  differs  only  in 
being  one-sided.  Choosing  points  C  and  D  rather  more 
towards  Fy  and  observing  all  the  angles,  compute  BC 
and  BD  ;  then  choosing  F,  so  that  CDF  may  be  well 
conditioned,  and  observing  all  the  angles,  compute 
BF  both  in  the  triangle  BCF  and  in  BDF,  thus  verify- 
ing the  result. 

In  either  method  the  solutions  are  ordinary  cases 
of  plane  trigonometry  ;  for  which  formulae  are  given  in 
the  general  collection.  Chapter  I.,  page  47. 

These  and  corresponding  methods  may  be  adopted 
for  enlargement  of  bases  by  successive  steps,  but  they 
are  not  strictly  justifiable  beyond  one  operation,  as  they 
necessarily  introduce  the  accumulated  error  due  to  the 
successive  triangles,  and  under  such  circumstances  the 
method  can  hardly  be  termed  one  of  prolonging  a  base, 
but  rather  one  of  enlarging  or  disposing  of  the  triangles 
in  its  vicinity. 

When  the  measurement  of  the  base  line  of  any 
extensive  survey  is  made,  its  azimuth  should  be  deter- 
mined by  angular  observation  with  the  theodolite  on 
a  true  meridian ;  in  smaller  surveys  the  magnetic 
azimuth  shown  by  a  good  compass  may  be  used  for  the 
purpose  of  obtaining  the  true  azimuth  of  the  base.  For 
the  simpler  modes  of  finding  the  meridian,  see  Compass 
Surveys,  pages  109  ;  for  the  more  exact  modes,  sea 
astronomical  observations  in  Route  Surveys. 

If  the  latitude  and  longitude  is  required  of  any 
single  point  in  the  survey,  it  may  be  obtained  by  direct 
astronomical  observation  (as  explained  under  Route 
Surveys,  in  Part  IV.)  or  from  a  neighbouring  obser- 
vatory which  should  be  connected  with  the  survey  by 
extending  the  latter  for  this  purpose ;  the  latitude,  longi- 
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tude,  and  azimath  of  any  other  point  in  the  survey  may 
then  be  calculated  (see  formulx  and  examples  in 
Chapter  I.,  at  pages  54  and  64). 

If  any  two  points  near  the  extremities  of  a  large 
tractof  country,  whether  surveyed  or  not,  are  occasionally 
visible  from  each  other,  so  that  under  good  arrange- 
ments the  azimuths  of  these  points  from  each  other  may 
be  observed  or  obtained  ;  then  if  these  points  are  nearly 
in  the  same  meridian,  and  their  latitudes  are  several 
times  carefully  observed,  their  distance  apart  may  be 
obtained  by  the  formula  given  in  the  collection,  which 
is  also  exemplified  in  Chapter  I, 

Distance  in  feet=  loi -36  x  secant  azimuth  x  (£— Z"). 

Main  triangulation. — The  base  line  of  the  main  tri- 
angulation  having  been  measured  and  reduced,  the 
observation  of  all  the  horizontal  angles  of  each  triangle 
used,  as  well  as  of  other  available  angles  that  may  be 
useful  for  verification,  is  proceeded  with.  Each  angle 
being  read  with  the  two  or  the  three  verniers  of  the 
theodolite  and  recorded  in  order,  a  first  check  is  afforded 
against  error ;  the  vertical  angles  also  are  sometimes 
recorded,  as  they  assist  in  finding  the  position  of  the 
signal  point  in  dull  weather  at  any  subsequent  time ; 
and  if  two  observers  act  in  accordance  and  take  them 
simultaneously,  these  vertical  angles  may  be  utilised  in 
subsequent  levelling  operations  as  reciprocal  vertical 
angles  ;  in  other  respects  they  are  of  little  or  no  use, 
and  hence  graduated  vertical  arcs  in  surveyors'  theodo- 
htes  are  often  dispensed  with.  The  second  check  on 
the  accuracy  of  the  horizontal  angles  is  obtained  by  the 
summation  of  the  three  angles  observed  in  each  triangle, 
the  sum  of  which  should  in  plane  triangles  be  180°,  and 
in  triangles  sensibly  spherical  be=i8o  +  £',  where  £  is 
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the  spherical  excess,  calculated  from  the  formula  given 
in  the  general  collection  in  Chapter  I.,  page  49. 

Should  the  sum  of  the  three  mean  angles  show  any 
error,  one-third  of  this  error  should  be  applied  in  the 
correction  of  each  of  the  three  angles,  if  the  number  of 
observations  of  each  of  the  angles  has  been  equal  ;  but 
if  unequal,  the  error  must  be  apportioned  according  to 
Gauss'  rule  or  formula,  given  and  exemplified  in  Chapter 
I.,  at  pages  49  and  57.  It  is  hence  obviously  better 
to  adhere  to  a  certain  fixed  number  of  observations  of 
each  angle,  but  as  some  of  the  readings  may  be  so  evi- 
dently faulty  as  to  require  absolute  rejection,  an  unequal 
number  of  accepted  observations  may  sometimes  have 
to  be  dealt  with. 

The  third  check  on  the  accuracy  of  the  horizontal 
angles  is  obtained  by  grouping  any  number  of  con- 
tiguous triangles  into  an  irregular  polygon,  and  summing 
the  whole  of  the  inward  angles  along  its  contour ;  if  the 
whole  area  of  the  polygon  can  be  treated  as  sensibly 
plane,  without  taking  the  spheroidicity  of  the  earth 
into  consideration,  the  sum  of  these  angles  should 
=  (7V— 2)  X  180°  where  iV=the  number  of  sides  of  the 
polygon.  If  the  spheroidal  form  of  the  earth  is  to  be 
considered,  as  in  the  case  of  a  large  group  of  extensive 
triangles,  the  group  slfould  be  so  formed  as  to  make  up 
one  approximate  large  triangle,  the  area  of  which  can 
be  calculated,  and  consequently  also  the  spherical  ex- 
cess E  (see  formula,  page  49,  Chapter  I.) ;  the  sum 
of  the  inward  angles  in  this  case  should  be  equal  to 
(iV-2)xi8oV^. 

The  horizontal  angles  observed  having  thus  been 
reduced  to  corrected  means  and  verified,  they  are  used 
in  the  computation  of  Ae  sides  of  the  triangles  to  be 
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plotted  on  the  plan  ;  the  computation  starting  with  the 
triangles  subtending  the  base  line,  in  each  of  which  three 
angles  and  one  side  are  given  to  find  the  other  two 
sides,  and  continuing  on  through  the  whole  series  of 
triangulation  up  to  the  bases  of  verification,  the  lengths 
of  which  arc  thus  calculated  and  compared  with  the 
reduced  measurements.  Any  very  small  errors  may  be 
neglected  ;  but  if  they  happen  to  be  moderately  small, 
they  are  generally  thrown  in  or  adjusted  in  the  plotting 
at  the  portions  or  points  of  survey  that  show  traces  of 
weakness  ;  still  more  important  error  may  be  distributed 
in  the  plotting  by  adjustment  to  an  exaggerated  or  a 
diminished  scale  of  the  whole  of  the  triangulation, 
so  that  the  error  may  nowhere  in  the  survey  exceed  a 
fixed  limit. 

The  trigonometrical  calculations  are  effected  for 
plane  triangles  with  the  formuije  given  at  page  47, 
Chapter  I.,  and  for  spherical  triangles  in  a  corresponding 
way  after  applying  the  reduction  of  Legendre,  or  re- 
ducing each  angle  by  one-third  of  the  spherical  excess 
calculated  for  each  such  triangle,  as  mentioned  at  page  49, 
and  exemplified  at  pages  57,  in  Chapter  I.  All  reductions 
on  account  of  satellite  or  supplementary  stations  of  obser- 
vation must  be  made  previous  to  these  calculations,  so 
that  cleared  results  alone  have  to 'be  dealt  with.  Such 
reductions  are  made  with  the  formula  given  on  page  52, 
and  exemplified  at  page  60,  Chapter  I. 

A  certain  amount  of  verification  of  certain  sides  of 
triangles  may  be  sometimes  obtained  by  computing 
them  through  independent  sets  of  triangles. 

The  main  triangulation  being  then  plotted  finally, 
and  ready  to  receive  the  secondary  triangulation  and 
tilling  in  of  detail,  the  azimuths  of  all  the  lines  of  the 
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main  triangulation  may  be  calculated  from  that  deter- 
mined for  the  base  line,  and  recorded  for  use  and  refer- 
ence in  that  part  of  the  work.  The  azimuths  of  any 
required  lines  between  any  two  stations  of  main  trian- 
gulation can  also  be  calculated,  and  any  latitudes  or 
longitudes  required  may  also  be  computed.  The  formulae 
for  this  purpose  arc  given  at  page  54,  and  exemplified 
at  page  65,  Chapter  I. 

Secondary  Triangulation. — When  the  main  triangu- 
lation is  so  extensive,  and  the  sides  so  long  that  the  de- 
tailed filling  in  of  the  survey  cannot  be  directly  applied 
to  it  without  appreciable  error,  a  series  of  secondary 
or  smaller  triangles  becomes  necessar>'.  This  subsidiary 
network  of  triangulation  is  dependent  on  the  former  ; 
the  limit  allowed  to  the  length  of  sides  admissible  in 
it  is  dependent  on  the  mode  and  the  accuracy  with 
which  the  detail  survey  is  to  be  made,  and  the  necessities 
of  the  latter.  The  principles  adopted  in  the  secondary 
triangulation  are  those  of  the  main  triangulation  ;  the 
survey  points  used  are  chosen  on  the  same  principles  of 
convenience  of  inter-observation,  many  of  them  being 
ranged  in  as  intermediate  points  on  the  survey  lines  of 
the  main  triangulation,  and  their  distanc(^s  apart  mea- 
sured to  serve  as  sets  of  secondary  base  lines  for  the 
subsidiary  network  ;  the  remaining  points  are  selected 
in  the  interior  of  the  main  triangles  so  as  to  form  a  series 
of  well-conditioned  secondary  triangles,  and  to  afford 
convenience  and  reduce  labour  in  filling  in  the  detail. 

In  small  surveys  secondary  triangulation  may  often 
be  entirely  dispeised  with. 

Filling  in  detail, — The  whole  of  the  detail  of  the 
survey — roads,  hedges,  buildings,  streams,  etc.,  is  fitted 
on  to  the  foregoing  ti  {angulation  ;  in  small  surveys  it  is 
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more  generally  effected  by  direct  chainage,  sometimes  by 
chained  tnanj^ulation.  and  sometimes  merely  by  chained 
distances  and  offsets,  on  the  principles  already  explained 
in  the  section  on  chain  surveys.  It  is,  however,  prefer- 
able to  adopt  telemetrical  observation  for  a  great  pait_ 
of  such  work  on  account  of  its  rapidity,  and  compass 
beatings  may  be  used  to  save  labour  in  the  less  impor- 
tant details. 

In  large  surveys  the  filling  in  may  be  effected  either 
by  chain  or  telemeter  work,  or  by  sextant  survey,  whett 
accuracy  is  necessary  ;  but  whenever  the  detail  may  be 
coarsely  done,  as  for  plans  or  maps  on  a  small  scale 
which  are  incapable  of  showing  minor  detail,  this  part 
of  the  work  may  be  done  by  compass  or  by  plane-table. 
The  modes  of  conducting  all  survey  work  of  these  de- 
scriptions have  already  been  treated  under  their  respec- 
tive heads  in  the  foregoing  sections  of  this  chapter. 

As  it  is  important  in  ordinary  theodolite  surveys 
to  avoid  loss  of  time,  the  triangulation  and  the  detailed 
survey  should  proceed  nearly  simultaneously,  and  in 
this  case,  as  the  fitting  of  the  plotting  of  the  latter  to 
that  of  the  former  requires  accuracy,  it  is  necessary  that 
all  points  of  triangulation  should  have  their  position 
relative  to  surrounding  objects  carefully  measured  in  a 
way  that  admits  of  no  doubt  of  their  exact  location. 
If,  however,  the  triangulation  is  finished  before  the  detail 
survey  commences,  the  survey  points  of  the  former  are 
allowed  to  remain  visible  for  the  purposes  of  the  latter, 
which  then  closes  on  them. 

The  detailed  survey  generally  gives  a  certain  amount 
of  written  information  as  to  names  of  places,  streets, 
mansions,  rivers,  and  so  forth  ;  information  as  to  imagi- 
nary boundary  lines  of  parishes,  districts,  counties,  and 
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provinces   must  be  obtained  from  the  local  authorities 
and  entered  on  the  final  plan. 

In  maps  or  plans  on  a  small  scale  it  is  usual  to  re- 
present  roads  and  railways  by  double  lines  and  thick 
;Slnes   of  any   convenient    exaggerated    breadth,  which 
bears  some  definite  ratio  to  the  actual  breadths  shown 
in  the  original  plotting  of  the  details. 

The  principles  of  theodolite  triangulation  are  illus- 
.  trated  in  the  reduced  plan,  Plate  V.,  where  they  arc 
applied  to  a  district  about  four  miles  long  and  two  miles 
wide,  or  nearly  nine  square  miles ;  the  base  line  is  about 
a  mile  in  length.  No  secondary  set  of  triangles  was 
used,  traversing  along  all  the  roads  and  closing  on  the 
main  stations  having  been  carried  out  as  a  preferable 
alternative  in  the  secondary  part  of  the  survey ;  the 
smaller  detail  was  put  in  with  offsets  and  compass 
bearings. 

Traverse  Surveys. — The  method  of  traversing  has 
already  been  explained  in  Section  i  of  this  chapter,  and 
its  application  in  surveying  of  other  sorts  in  the  succeed- 
ing sections.  Short  portions  of  traverse  work  may  be 
carried  out  with  the  theodolite  wherever  the  filling  in  of 
detail  with  precision  happens  to  be  necessary  in  parts 
of  triangulation  surveys;  but  when  the  greater  part  of  any 
survey  is  conducted  on  the  principle  of  traversing  rather 
than  of  triangulation,  its  object  of  operation  is  confined 
to  a  long  strip  of  country  of  comparatively  small  breadth, 
seldom  exceeding  a  quarter  of  a  mile.  Surveys  of  this 
•*•  description  are  rarely  made  for  other  purposes  than 
those  of  engineering,  and  more  especially  the  intended 
location  of  long  lines  of  communication,  roads,  railways, 
or  canals,  or  of  conduits  and  pipes  of  water  supply  or 
drainage ;   they   may   hence    be    generally   treated    as 
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engineering  surveys,  conducted  within  certain  limits  of 
deviation  suitable  to  the  proposed  works. 

The  main  lines  of  traverse  falling  generally  within 
these  fixed  limits  of  deviation,  the  traverse  stations  are 
fixed  either  within  or  close  to  these  limits,  as  the  survey 
work  proceeds,  in  accordance  with  general  convenience, 
and  the  visibility  of  neighbouring  stations,  and  lateral 
objects  of  observation  ;  the  number  of  stations  in  a  tra- 
verse should,  apart  from  these  considerations,  be  as  few 
as  possible,  as  this  diminishes  the  number  of  angular 
observations,  and  hence  also  the  amount  of  error. 

In  large  traverse  sur\'eys  of  this  description  there  is 
seldom  any  opportunity  for  closing  the  polygon  of  main 
traverse  by  returning  to  its  starting  point,  without  neces- 
sitating a  double  amount  of  work,  a  serious  consideration 
in  extended  surveys  ;  and  sometimes,  also,  there  is  no 
opportunity  of  closing  on  points  of  known  position  used 
in  former  surveys  ;  hence  the  need  of  verifying  the  work 
fully  by  sufficient  angular  observation  on  lateral. objects, 
spires,  towers,  buildings,  etc.  At  each  traverse  station 
both  the  inward  and  the  outward  angle  are  severally 
observed  and  recorded,  and  their  sum  360°  affords  a 
check  against  inaccuracy  of  reading.  The  true  bearing 
of  the  starting  line  of  traverse  is  generally  obtained  with 
the  help  of  the  compass,  although  it  is  better  to  fix  a 
true  meridian  and  observe  from  it  throughout  the  survey ; 
the  bearings  of  all  the  remaining  lines  of  traverse  will 
then  not  require  successive  computation.  The  main  tra- 
verse may  either  be  plotted  by  assuming  a  direction  for 
any  starting  line,  scaling  distances,  and  protracting  the 
inward  angles,  or  by  scaling  distances  and  protracting 
the  bearings.  Both  of  these  methods,  however,  being 
liable  to  undiscoverable  errors  or  mistakes,  the  mode  of 
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reducing  the  whole  to  a  single  meridian  and  plotting 
them  by  rectangular  co-ordinates  is  to  be  recommended 
for  accuracy  and  certainty. 

The  accompanying  form  for  the  reduction  of  a  short 
piece  of  theodolite -traverse  to  a  series  of  rectangular 
CO  ordinates  may  be  used  as  an  example. 

The  rednciion  is  thus  computed.  Starting  with  two 
sets  of  data,  the  distances  and  the  checked  inward  angles. 
and  one  given  bearing. 

1st.  To  compute  the  theodolite  limb  -  bearings 
throughout. 

Let  P  be  the  given  bearing  from  any  preceding 
station, 

a  be  the  inward  angle  at  the  actual  station, 

i-'the  required  limb-bearing  to  the  following  station, 
Then  F=P-\'a-*L\%<f;  using  the  positive  sign  when 
P+aL  180°,  and  the  negative  sign  when  P  +  a7  180°. 

2nd.  .To  obtain  the  reduced  bearings,  or  angles  formed 
with  the  meridian  either  from  North  or  South. 

When  the  theodolite  limb-bearing  F  lies  between  0° 
and  90°,.the  corresponding  reduced  bearing  is  F  to  the 
NE.;  when 

between  90°  and  180°,  it  is  iZd'—Fio  the  SE. ; 

when 
between  180°  and  270°,  it  is  F—l^o"  to  the  SW. ; 

and  when 
between  270°  and  360°,  it  is  360°— /"to  the  NW, 

3rd.  To  obtain  the  successive  co-ordinates  for  each 

point  from  the  preceding  point. 

The  abscissa  along  the  meridian  =  distance  x  cosin 
reduced  bearing. 
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The  ordinate  to  the  E.  or  W.  =  distance  x  sin  re- 
duced bearing. 

These  quantities  may  be  obtained  direct  from  traverse 
tables  or  with  the  help  of  tables  of  sines  and  cosines  as 
may  be  preferred. 

4th.  The  final  independent  co-ordinates  for  any 
point,  taken  with  reference  to  the  starting  point  of 
the  traverse,  are  obtained  by  summing  up  the  suc- 
cessive co-ordinates  up  to  that  point,  treating  them  as 
positive  or  negative  in  accordance  with  their  signs  of 
direction. 

The  formula  for  checking  the  sum  of  the  inward 
angles  of  any  closed  traverse  is  {N—2)x  180°,  as  ex- 
plained in  the  collection  of  formulae,  at  p.  48,  Chapter  I. 

By  adopting  the  above  method  of  reduction,  which 
affords  a  check  on  itself,  the  plotting  can  be  afterwards 
effected  by  co-ordinates  with  the  minimum  of  error. 

Secondary  triangles. — The  above  main  traverse-work 
is  of  course  the  mere  skeleton  of  the  survey;  and  as  it 
frequently  happens  that  these  surveys  are  very  narrow, 
being  often  confined  to  a  mere  road,  and  that  the  detail 
required  consists  merely  in  frontages  of  property  and 
minor  detail  close  to  the  road  ;  in  such  a  case  the  detail 
is  surveyed  simultaneously  with  the  traverse  by  the 
method  of  distances  and  offsets.  When  the  limits  of 
deviation  are  of  pronounced  width,  and  the  detail  within 
them  cannot  be  very  satisfactorily  managed  by  chainings 
and  offsets,  aided  by  compass  bearings,  recourse  must  be 
had  to  a  series  of  secondary  triangles,  which  may  be 
conveniently  arranged  by  measurement  to  intermediate 
points  along  the  main  lines  of  traverse ;  at  these  se- 
condary points,  angles  are  taken  to  lateral  points  near 
the  intended  limits  of  deviation  on  each  side,  and  check 
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angles  are  also  observed  at  the  lateral  points.  For  this 
purpose  the  box  sextant  is  useful. 

The  filling  in,  or  detail. — This  is  applied  either  to  the 
main  traverse-work  or  to  the  secondary  triangulation 
before  mentioned,  or  perhaps  to  a  secondary  set  of 
traverse-lines.  The  amount  of  such  work  in  traverse 
surveys  is  comparatively  small,  and  generally  occurs  in 
detached  pieces  at  places  where  the  Lonstruction  of 
some  special  work  of  art  or  building  is  contemplated. 
It  is,  however,  generally  required  with  much  precision, 
hence  the  com  pass -survey  work  and  plane-table-work 
suited  to  subsequent  reduction  for  small-scale  plans  is 
not  often  fitted  for  this  object ;  and  the  more  accurate  re- 
sults of  chain-survey  or  good  telemeter-survey  assisted  by 
occasional  compass  bearings  are  better  for  these  purposes. 

Plate  VI.,  with  the  corresponding  detailed  field-book, 
No.  IV.,  is  an  illustration  of  applying  the  method  of 
traversing  with  the  theodohte  to  an  engineering  survey 
of  a  portion  of  railway  about  one  mile  in  length. 

The  various  examples  of  field-books  actually  recorded 
in  the  field,  and  the  illustrative  field-sketches  or  reduced 
plans  given  in  the  Plates,  are  intended  to  serve  for  the 
guidance  of  those  newly  entering  on  the  subject. 
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PART  11. 

LEVELLING^ 
Section  I.      INSTRUMENTS   AND   APPLIANCES. 

Levelling  is  that  branch  of  Geodesy  which  is  limited 
to  operations  for  determining  and  measuring  the 
relative  heights  and  depths,  or  elevations  of  places, 
points,  and  objects  on  and  comparatively  near  the 
earth's  surface. 

Absolute  elevation  of  points  or  places  is  estimated 
in  linear  units  (in  England,  in  English  feet)  above  or 
below  mean  sea- level ;  relative  elevation  is  estimated  in 
the  same  way  with  reference  to  any  convenient  datum 
level,  such  as  that  of  Trinity  high-water  mark,  the  zero 
of  the  Nilometer,  the  plinth  of  the  nearest  town-hall  or 
church,  the  rail-level  at  the  middle  of  the  platform  of 
the  nearest  railway-station,  or  any  arbitrary  visible  or 
imaginary  point.  A  bench-mark  is  a  subordinate 
datum-point,  marked  on  some  permanent  common 
object,  such  as  a  kerbstone,  milestone,  plinth,  stone 
step,  lower  hook  of  gatepost,  etc.,  whose  elevation  above 
some  datum  level  has  been  carefully  determined  and  is 
known ;  bench-marks  made  on  surfaces  or  objects  not 
liable  to  wear  or  to  change,  are  useful  for  reference  and 
saving  the  relevelling  of  long  distances. 

Any  set  of  relative  levels  of  a  series  of  points  may 
be  recorded  in  either  of  the  following  ways. 
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1.  In  a  book,  with  accompanying  descriptions  of  the 
points  ;  as  for  example,  in  a  list  of  bench  marks,  or  in 
a  level -book, 

2.  On  a  plan  or  map,  the  exact  points  being  marked 
and  the  levels  recorded  close  to  them- 

3.  On  a  plan,  by  a  srries  of  contour  lines,  or  lines  of 
equal  elevation,  whose  levels  are  recorded  ;  so  that  the 
level  of  any  intermediate  point  may  be  approximately 
determined  by  interpolation. 

4.  On  a  section,  or  series  of  sections,  taken  in  various 
directions,  showing  the  relative  heights  to  scale  of  any 
points  in  that  section.  A  plan  is  frequently  necessary 
as  a  guide  to  show  the  direction  or  course  of  the 
sections,  which  may  either  be  straight  or  circuitous  in 
any  direction,  while  again  the  section  may  comprehend 
levels  of  two  or  more  sets  of  objects,  and  these  necessi- 
tate reference  to  more  than  one  plan. 

A  section  generally  not  only  shows  by  scale  the 
position  of  various  detached  points  in  a  vertical  plane 
with  reference  to  some  convenient  datum  level  or  datum 
line,  but  also  the  position  of  continuous  objects  or  sur- 
faces, such  as  ground  surfaces,  water  levels,  lines  of 
pipes,  road  levels,  rail  levels,  edges  of  strata,  mine  adits, 
galleries,  shafts,  tunnels,  bed  levels,  formation  levels,  etc., 
according  to  the  special  purposes  for  which  it  is  intended. 

The  actual  datum  level  need  not  occur  in  the  sec- 
tion— any  horizontal  line  of  known  level  may  be  used 
for  convenience  in  scaling  the  relative  heights ;  these 
latter  are  frequently  also  recorded  in  figures. 

Sections  being  generally  short  in  comparison  with  a 
great  circle  of  the  globe,  horizontal  levels  and  surfaces 
are  represented  by  straight  horizontal  lines,  and  curva- 
ture is  neglected  ;  the  heights  and  depths  indicated  on 
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sections  being  also  small  in  comparison  both  with  the 
lengths  of  the  sections  and  with  the  radius  of  the  sphere, 
natural  sections,  in  which  the  same  scale  is  used  both 
for  horizontal  distances  and  vertical  heights,  are  less 
often  used  than  exaggerated  sections,  in  which  the  ver- 
tical heights  are  on  an  exaggerated  scale,  and  differences 
of  height  more  easily  distinguished. 

As  a  general  rule,  it  is  most  convenient  to  exaggerate 
sections  10  times,  that  is,  with  a  horizontal  scale  of 
4^^th,  a  vertical  scale  of  -4^th  could  be  conveniently 
used  to  indicate  variation  of  surface ;  special  circum- 
stances may,  however,  require  any  amount  of  exagge- 
ration. For  Parliamentary  sections  of  proposed  public 
works,  two  vertical  sets  of  scales  are  fixed  as  the 
smallest  allowed  :  the  one  is  t-^Vo^^'  or  100  feet  to  an 
inch,  in  combination  with  a  horizontal  scale  of  not  less 
than  20  chains  to  the  inch,  for  longitudinal  sections  ; 
the  other,  4-8  o^^»  or  40  feet  to  an  inch,  combined  with  a 
horizontal  scale  of  5  chains  to  the  inch,  for  cross  sec- 
tions showing  alterations;  but  they  may  for  convenience 
be  used  in  combination  with  any  horizontal  scale  used 
in  the  plan  accompanying  them.  Engineers*  working 
sections  are  drawn  to  larger  vertical  scales  ;  and  in 
natural  sections  taken  at  the  sites  of  intended  lai^e 
works  in  masonry,  iron,  and  timber,  the  scales  used  are 
still  larger. 

Instrmnents  and  Appliances  used  in  Levelling, — 
Apart  from  the  instruments  and  appliances  used  in 
preliminary  surveying,  and  in  the  measurement  of  dis- 
tances required  for  levelling  (which  have  been  already 
referred  to  in  Chapter  I.),  the  following  are  more  spe- 
cially used  in  the  operations  of  levelling,  or  the  measure- 
ment or  determination  of  relative  heights  and  depths. 
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1st.  For  direct  measurement  of  height  or  depth  : 
the  surveyor's  chain  and  tape  before  mentioned,  with 
plummet  attached  ;  sounding-cords  or  lead-hnes  for 
depths  exceeding  lOO  feet;  permanent  and  temporary 
tide-gauges  and  sounding-rods ;  graduated  level-staves, 
and  sliding  vanc-staves  of  various  patterns. 

2.  Angular  instruments:  the  sextant,  clinometer, 
and  theodolite. 

3.  Boning  staves, 

4.  The  water  level. 

5.  Spirit-levelling  instruments  of  various  patterns. 

6.  Reflecting  levels  of  various  patterns. 

7.  The  barometer. 

8.  The  thermometer,  or  hypsometer. 

Appliances  for  direct  measurcme^it  should  in  the  first 
place  be  correct  to  standard ;  failing  that,  all  such  various 
appliances  as  may  be  used  in  any  one  set  of  levelling 
operations  should  be  correct  by  inter- comparison,  so  that 
one  percentage  of  error  alone  may  have  to  be  applied  ; 
or  at  the  worst,  all  discrepancies  should  be  known. 

The  special  appliances  intended  for  soundings  and 
subaqueous  depths  should  be  invariably  kept  for  those 
purposes ;  for  however  convenient  it  may  occasionally 
be  to  the  surveyor  to  use  his  chain  or  the  level-staff  as 
a  sounding-chain  or  sounding-rod,  it  must  be  remem- 
bered that  he  may  thus  rust  the  former  or  distort  the 
latter. 

In  direct  measurement  of  lofty  heights,  several 
chains  may  be  used,  firmly  bound  together,  and  the 
level-staff  in  addition  ;  care  should  then  be  taken  by 
those  managing  the  upper  end  that  it  may  not  slip 
away,  as  its  weight,  directed  by  accidental  bias,  might 
cause  severe  injury  to  those  below.      Cords  and  tapes 
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being  liable  to  stretch  and  shrink,  require  frequent  veri- 
fication. Wooden  level-staves  and  vane-staves  are  liable 
to  warping  and  distortion.  Telescopic  level-staves,  though 
convenient  for  transport,  are  liable  to  stick,  and  thus 
become  useless  for  a  time  ;  they  are  also  liable  to  slide 
gradually  :  this,  when  it  occurs  in  the  middle  of  a  series 
of  observations,  and  is  unperceived  by  the  staff-holder, 
may  vitiate  an  unknown  number  of  them.  To  guard 
against  this  contingency,  the  author  has  sometimes  had 
a  large-headed  screw  applied  to  the  catch  when  the  staff 
is  extended,  which  retains  it  in  position,  and  can  be 
unscrewed  on  closing  the  staff.  In  very  accurate  level- 
ling operations,  telescopic  staves  should  not  be  used  : 
lO-foot  staves,  of  equal  breadth  and  thickness,  with  an 
arrangement  for  fixing  one  above  another  when  re- 
quired, are  preferable,  as  errors  are  reduced,  and  the 
readings  and  graduations  are  more  distinctly  visible  to 
a  greater  distance.  Papered  level-staves  are  seldom 
very  correct,  as  the  paper  stretches  on  application  to  the 
staff ;  painted  staves  arc  to  be  preferred  generally.  But 
as  surveyors  like  to  use  graduations  and  marks  to  which 
they  are  accustomed,  and  frequently  keep  their  own 
level-papers  and  apply  them  themselves,  the  former 
thus  possess  advantages  in  this  respect. 

As  to  patterns  for  graduation  of  level-staves,  they 
are  exceedingly  various.  The  following  three  patterns, 
for  use  in  short,  intermediate,  or  long  sights  respectively, 
were  devised  by  the  author  in  1861,  a  few  being  then 
made  for  the  Government  of  India.  The  angular  figures 
are  intended  to  enable  the  graduated  bar-scale  to  be 
done  away  with,  the  middle  of  each  figure  being  the 
exact  point  of  reading  for  tenths  of  a  foot,  the  angu- 
larities indicating  hundredths. 


FiouxB  30.    Fattbrns  of  Level  Staves. 
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These  patterns  possess  some  advantages  in  distinctness 
and  visibility  at  a  distance,  but,  like  all  others,  they 
require  examination  before  commencing  their  use. 
Level-staves  for  use  in  any  accurate  work  should  always 
be  provided  with  a  plummet,  to  indicate  any  want  of 
verticality. 

Vane-staves  were  in  general  use  before  Gravatt 
introduced  graduated  staves  and  the  Dumpy  level. 
The  sliding  vane  having  to  be  repeatedly  fixed  to  some 
exact  points,  in  accordance  with  directions  given  from  a 
distance,  is  a  tedious  and  inexact  process ;  they  are  now 
used  only  for  special  purposes. 

Tide  gauges,  whether  temporary  posts  or  permanent 
pillars,  with  or  without  self-registering  mechanism,  gene- 
rally require  stays  or  very  solid  foundations,  to  prevent 
departure  from  a  vertical  position.  For  temporary  pur- 
poses, where  the  rise  and  fall  is  great,  it  is  convenient  to 
have  a  set  of  tide-posts  in  preference  to  a  single  one  at 
any  important  point  of  reference. 

The  lead-line  or  sounding-cord,  made  of  tough  hard 
material,  is  generally  marked  to  fathoms  and  read  to 
quarter-fathoms  for  nautical  purposes,  or  marked  to  5 
feet  and  read  to  feet  and  tenths  for  engineering  purposes 
with  the  aid  of  a  foot-rule  or  staff ;  it  is  loaded  with  a 
conical  lead  weight,  which  may  be  armed  with  tallow  in 
the  hollow  of  its  base,  to  bring  up  specimens  of  the 
material  or  soil  at  the  point  of  sounding  ;  a  jagged 
plunger  is  sometimes  also  needed  for  that  purpose  on 
firm  bottoms.  The  cord  should  daily  during  work  be 
tested  by  comparison  with  a  correct  measure,  both  before 
and  after  use,  whenever  accuracy  of  depth  is  important. 

2.  Angular  instruments  are  comparatively  seldom 
used   in  levelling,  or  for  obtaining  relative   heights  of 
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survey  stations ;  first,  for  the  reason  that  the  distances 
apart  of  the  latter  are  lar^e  in  comparison  with  their 
heights,  and  the  vertical  angle,  being  therefore  small, 
affords  but  a  very  coarse  means  of  estimating  the 
hfight,  as  may  be  seen  from  a  consideration  of  the 
following  specially  arranged  small  table  of  tangents ; 
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Table  of 

Tanoents  to  a  Radius  of  Unity 

T»ng«. 

ABgl. 

-tm^tni                  Angle 

0-01 

o°  34'  aj" 

010            s''4i'38" 

0-09 

1     8  54 

015            8  31  S' 

0-08 

I  43    6 

0  30            U    18  36 

004 

%  n  36 

02s              14      2    10 

0-OH 

a  5'  45 

0*30            16  41    57 

006 

3  z6     I 

0-3fi            19    17   24 

0  07 

4011 

0  40           2.    48      5 

008 

4  34  26 

0'45          24   '3  40 

0-09 

5     S  34 

0'50          =6  33  S4 

whence  it  appears  that  in  distances  of  2  miles  an 
inaccuracy  of  one  minute  may  represent  an  error  of 
3  feet — an  amount  totally  inadmissible ;  secondly,  our 
incapability  of  accurately  determining  the  effect  of 
refraction,  which  varies  so  much  with  the  state  of  the 
atmosphere,  prevents  us  from  obtaining  low  reduced 
angles  sufficiently  correct  for  practical  purposes.  There 
is  only  one  mode  of  eliminating  the  latter  of  these 
two  sources  of  inaccuracy,  and  that  is  by  observing 
reciprocal  vertical  angles  simultaneously.  One  observer  - 
takes  the  angle  of  altitude  of  the  second  station  from 
the  first  at  the  moment  when  another  observer  takes 
the  corresponding  angle  of  depression  of  the  first  station 
from  the  second.  This  requires  preconcerted  arrange- 
ment as  to  time,  which  may  be  assisted  by  sunflash 
signalling.  This  practice  nearly  neutralises  the  effects 
of  curvature  and   refraction.     The  difference  of  level 


SECT.  I.  INSTRUMENTS  I45 

required  is  equal  to  the  product  of  the  distance  and  the 
tangent  of  the  mean  of  the  two  reciprocal  angles. 
Instrumental  index  error  has  great  effect  in  these  angles, 
and  should  be  very  frequently  noted.  Such  angles  may 
either  be  taken  with  the  theodolite  or  with  the  sextant 
or  reflecting  circle,  aided  by  the  artificial  horizon,  which 
give  the  double  altitude.  The  first-mentioned  source  of 
inaccuracy  can  only  be  reduced  by  limiting  such  obser- 
vations to  comparatively  short  distances,  and  using 
instruments  having  large  vertical  arcs  and  sensitive 
levels.  For  common  purposes  of  determining  heights 
of  buildings,  towers,  etc.,  in  a  rough  way,  when  direct 
measurement  is  impossible  or  inconvenient,  vertical 
angles  may  be  employed  ;  the  distance  of  the  point  of 
observation  is  then  generally  so  chosen  as  to  make  the 
angle  nearly  45°,  as  such  angles  afford  nearly  double  the 
accuracy  of  result  through  their  tangents  that  can  be 
obtained  with  small  angles  less  than  5°.  If  the  angle 
can  be  set  at  45°,  and  the  horizontal  distance  chosen 
at  will,  the  height  and  the  distance  are  then  equal,  and 
the  distance  is  measured. 

The  clinometer  is  a  small  instrument,  having  two 
arms  turning  on  a  joint  having  a  graduated  arc,  and  a 
small  spirit-level  in  one  of  them,  to  enable  it  to  be  set 
horizontal  ;  the  other  arm,  when  sighted  to  any  point, 
gives  the  vertical  angle.  It  is  suited  to  the  purposes  of 
roughly  determining  inclinations  and  slopes,  or  of  setting 
out  side-slopes  on  works  of  construction. 

3.  Boning  staves, — A  pair  of  T-headed  wooden 
staves  of  equal  length,  generally  about  5  feet ;  they 
are  used  within  short  distances  for  setting  out  a  third 
point  from  two  given  points  on  the  same  level  or  on 
a  given  inclination,  and  afford  a  means  of  levelling  in 
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the  line  or  direction  of  the  two  given  points  as  far  as  the 
ground  allows ;  they  are  extremely  useful  for  obtaining 
intermediate  level  points  about  foundations  of  buildings 
and  public  works. 

4,  The  water  level. — This  is  also  an  appliance  for 
rough  levelling  within  short  distances,  but  requires  only 
one  point  given.  It  consists  of  a  horizontal  tube  about 
two  feet  long  terminated  by  two  bottle-shaped  ends,  in 
which  water  will  stand  level  and  thus  afford  a  horizontal 
line  of  sight ;  the  instrument  turns  on  a  pivot  and  is 
supported  on  a  rough  stand ;  the  water  is  colored  for 
convenience  in  sighting  ;  in  frosty  weather  coarse  spirit 
may  be  used  for  the  same  purpose.  This  instrument  is 
generally  used  for  the  same  purposes  as  the  last;  it  is 
also  very  useful  in  contour-work  for  rapidly  setting  out 
intermediate  points  between  others  determined  with  a 
more  accurate  level  instrument. 

5.  Levels,  or  telescopic  spirit-levelling  instruments.— 
The  main  portion  of  all  levelling  operations  for  sur- 
veyors' or  engineers'  purposes  is  done  with  these  instru- 
ments. The  type  of  instrument  most  in  favor  now  is 
the  Gravatt  level,  which  has  a  telescope  of  large  clear 
field  with  a  long  spirit-level  attached,  and  is  used  with 
graduated  level-staves,  on  which  observations  are  made 
at  moderately  long  distances;  the  lines  of  sight  being 
invariably  horizontal.  This  instrument  is  so  common 
that  any  description  of  it,  or  of  the  mode  of  handling  it, 
is  unnecessary  ;  it  is  easily  set  up,  and  worked  by  thumb- 
screws until  the  telescope  is  shown  to  be  level  in  any 
position  by  the  indication  of  the  bubble  of  the  spirit- 
level  ;  the  sights  on  the  distant  level-staff  are  taken 
with  a  horizontal  wire  in  the  diaphragm  of  the  tele- 
scope, the  reading  recorded .  nad  the  bubble  observed  to 
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see  whether  it  has  remained  steady  in  the  middle  ;  if  it 
has  moved,  as  may  be  the  case  in  windy  weather,  or  on 
soft  ground,  the  operation  must  be  repeated. 

The  adjustments  of  this  instrument  are  only  two  in 
number.  As  the  position  of  the  horizontal  crosswire  is 
fixed,  and  the  telescope  tube  cannot  be  rolled  round, 
hence  the  line  of  collimation  cannot  be  adjusted  ;  the 
two  possible  adjustments  are  for  level  error,  and  for  the 
attachment  of  the  level  to  the  vertical  axis  of  the  in- 
strument 

1st.  For  level  error. — Whether  the  line  of  collimation 
is  slightly  incorrect  or  not  is  of  comparatively  Httle 
moment ;  but  the  level  must  invariably  be  set  parallel 
to  the  line  of  collimation,  whether  the  latter  is  in  the 
exact  axis  of  the  telescope  or  not :  the  setting  is  effected 
by  moving  the  capstan-headed  screws  of  attachment 
until  it  is  so.  To  test  error  on  this  account,  set  up  two 
equal  and  equally  graduated  level- staves  about  500  feet 
apart,  and  have  them  held  truly  vertical  with  plumb-lines ; 
set  up  the  level  halfway  between  them  and  take  sights 
and  readings  on  each  of  them,  taking  also  special  care 
that  the  bubble  is  in  the  centre  of  its  run  in  each  case, 
even  if  it  requires  resetting ;  the  difference  of  these 
readings  will  then  be  correct.  Now  set  up  the  level 
beyond  either  staff  and  take  a  second  pair  of  sights  and 
readings  ;  if  the  resulting  difference  is  not  exactly  equal 
to  the  former,  the  capstan-headed  screws  require  moving 
to  be  set  right,  when  the  correct  difference  will  be 
shown  ;  the  operation  should  then  be  repeated  until  the 
adjustment  is  perfect. 

This  test  is  more  conveniently  effected  if  a  sheet  of 
water  is  available,  and  the  level- staves  can  then  be  held 
or  supported  on  pegs  flush  to  the  water  level,  and  the 
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readings  should  then  be  identical  in  any  case  ;  if  not,  as 
before,  first  correct  half  the  error  by  the  plate  screws  and 
then  the  remainder  by  the  capstan -headed  screw. 

2nd.  The  error  from  unadjusted  attachment  to  the 
vertical  axis.— The  former  adjustment  being  carried 
out,  the  instrument  should  reverse  well,  that  is,  when 
levelled  the  bubble  should  remain  steady  in  the  centre 
of  its  run,  however  the  telescope  may  be  turned.  If  it 
does  not  do  so,  set  the  telescope  in  such  a  position  as 
to  show  the  utmost  amount  of  error  in  position  of  the 
bubble  ;  correct  half  the  error  by  the  plate  screws,  and 
then  correct  the  remaining  half  by  the  special  screws 
that  affect  the  attachment 

In  testing  the  correctness  of  levels  by  sighting  on 
pairs  of  staves,  the  latter  should  be  held  in  the  same 
amount  of  light,  that  is  the  direction  from  one  to  the 
other  should  be  at  light  angles  to  the  direction  of  the 
sun. 

Levels  of  other  patterns. — Troughton's  level  is  a 
variation  on  Gravatt's;  the  principal  difference  being 
that  the  level  is  permanently  fixed  to  the  telescope,  and 
cannot  be  adjusted,  but  the  horizontal  crosswire  can  be 
moved  by  screws  until  the  line  of  collimation  is  set 
parallel  to  the  level ;  this  adjustment  therefore  in  this 
instrument  takes  the  place  of  that  for  level  error  just 
described,  and  can  be  tested  in  the  same  way. 

The  Y  level,  on  the  contrary,  is  an  older  pattern  and 
is  now  generally  used  of  small  size,  having  a  small 
telescope  and  short  spirit-level;  it  admits  of  every  sort 
of  adjustment,  and  frequently  requires  it.  In  this  instru- 
ment the  level  hangs  below  the  telescope,  which  rests  on 
Y's  or  forks,  one  of  which  is  moveable  by  a  lai^e  screw. 
The  adjustment  for  level  error  can  be  tested  by  lifting 
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the  telescope  out  of  its  forks  and  reversing  it  end  for 
end  ;  the  adjustment  of  attachment  to  the  vertical  axis 
is  easily  effected  by  a  movement  of  the  large  screw 
attached  to  one  fork ;  and  the  adjustment  of  the  cross- 
wires  can  be  effected  by  screws,  while  the  coincidence 
of  the  line  of  coUimation  with  the  axis  of  the  telescope 
can  be  tested  by  rolling  the  telescope  round  in  its 
Torks  between  two  observations  on  a  distant  object ;  as 
previously  explained  for  the  Y  theodolite. 

The  larger  levels  made  on  this  pattern  were  suffi- 
ciently good  for  the  times  when  people  seemed  indiffe- 
rent whether  their  drains  ran  uphill  or  downhill,  but 
they  are  now  used  in  small  sizes  only  for  rough  work, 
such  as  foundations  of  buildings.  The  inherent  defect 
of  the  pattern  being  the  shortness  of  its  spirit-level, 
similar  large  instruments  would  be  heavy. 

An  improvement  on  Gravatt's  level  is  sometimes 
used,  which  has  a  moveable  inner  telescope- tube  and 
admits  of  testing  and  adjustment  of  the  line  of  coUi- 
mation. 

The  theodolite  can  be  used,  with  its  vertical  arc 
clamped,  in  the  same  way  as  a  level ;  but  it  is  heavy. 
Some  Austrian  universal  instruments  are  very  light  theo- 
dolites intended  also  for  use  as  levels  in  this  manner ; 
they  mostly  suffer  from  the  defect  of  having  the  tele- 
scopes too  small  for  levelling  operations  of  an  extended 
nature ;  but  their  lightness  of  make  and  portability 
present  an  advantage  that  might  well  be  partially 
imitated  by  English  instrument-makers. 

There  is  also  a  type  of  level  distinct  from  the  above, 
that  admits  of  taking  sights  on  inclinations ;  in  some, 
the  telescope  turns  in  a  vertical  plane  about  its  middle, 
to  which  an  index  is  attached  at  right  angles  reading 
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on  a  graduated  vertical  arc ;  in  others  the  telescope 
turns  in  a  vertical  arc  on  a  hinge  near  one  extremity, 
the  index  at  the  other  extremity  reading  on  a  vertical 
arc  of  larger  radius.  They  are  useful  in  moderately 
hilly  country  or  for  rather  rapid  inclinations,  but  neces- 
sarily lack  the  steadiness  and  simplicity  of  instruments 
of  the  former  type,  and  are  not  so  well  suited  for  work 
in  level  country. 

There  is  also  a  combination  of  the  level  with  a 
reflecting  circle  invented  by  Professor  Piazzi  Smyth, 
that  has  some  special  advantages. 

6.  Reflecting  Levels. — These  are  generally  very  small 
instruments  without  telescopes,  intended  for  rough  use 
in  short  distances,  and  generally  used  in  very  steep 
country  for  interpolating  between  contour  lines,  and 
setting  out  gradients  of  hill-roads  and  paths. 

The  simplest  form  of  such  instruments  consists  of  a 
half-silvered  small  mirror  attached  to  a  ring  and  weighted 
below  to  keep  it  vertical  in  windy  weather ;  it  is  used 
either  suspended  on  the  finger  or  on  a  light  staff  of 
known  length;  the  horizontal  edge  of  the  silvering  acts 
as  the  horizontal  wire  of  a  diaphragm  for  sighting  on  a 
graduated  level-staff,  or  on  a  vane  staff,  the  reflection  of 
half  the  eye  being  seen  in  the  mirror  when  the  sight  is 
correctly  taken. 

Another  form  is  the  tube  reflecting-level ;  this  con- 
sists of  a  small  brass  tube  having  a  small  spirit-level 
attached,  and  having  a  small  mirror  covering  half  of  one 
end  of  the  tube  ;  on  taking  a  horizontal  sight  on  a  level- 
staff  the  round  bubble  of  the  level  is  reflected  in  the 
mirror,  or  appears  to  pass  the  horizontal  edge  of  the 
silvering.  The  attachment  of  the  level  to  the  tube 
admits  of  adjustment  by  screws. 
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Each  of  these  instruments  should  be  tested  before 
use,  especially  the  latter,  which  has  not  the  advantage 
that  the  former  possesses,  of  affording  a  steady  sight. 
The  principle  adopted  in  the  tube  reflecting-level  has 
been  applied  in  larger  telescopic  levels,  and  is  more 
satisfactory  in  instruments  with  stands ;  the  size  of  the 
bubble  in  a  spirit-level  may  be  increased  or  diminished 
as  required  from  air  in  a  reserve  chamber  at  one  end  of 
its  tube  specially  constructed  for  the  purpose ;  this  is  a 
great  advantage  in  hot  countries  where  the  bubble's 
length  may  contract  to  one-half  in  an  hour. 

7.  The  Barometer  is  used  for  taking  flying  levels, 
more  especially  in  hilly  country  ;  a  pair  of  tolerably 
large  aneroids,  reading  clearly  to  hundredths  of  an  inch, 
are  best  for  the  purpose.  The  correction  for  tempera- 
ture can  be  either  calculated  in  accordance  with  the 
indications  of  a  thermometer,  and  by  comparison  with 
a  standard  mercurial  barometer,  or  the  instruments  may 
be  self-compensating  for  change  of  temperature ;  the 
former  method  is  preferable  unless  the  self-compensation 
has  been  thoroughly  verified  by  the  observer.  The 
testing  and  verification  should  be  made  both  before 
and  after  any  series  of  observations,  and  the  correction 
for  temperature  suited  to  each  instrument  recorded  for 
future  reference.  Two  barometers  are  necessary  for 
practical  work  in  determining  heights ;  after  comparison 
one  is  kept  at  a  fixed  spot  throughout  the  day  and  its 
variations  recorded  every  quarter  of  an  hour  during  the 
time  that  the  other  is  in  use  at  neighbouring  points 
where  its  readings  are  recorded.  Another  method  is  to 
take  simultaneous  observations  with  two  aneroids  along 
a  series  of  stations  within  signal  of  each  other;  thus 
obtaining  a  series  of  relative  elevations. 
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The  difference  of  barometric  reading  due  to  increase 
of  height  is  nearly  oot  inch  less  for  every  10  feet  of 
increased  elevation  above  mean  sea-level,  at  a  per- 
manent standard  temperature  of  55°  Fahrenheit.  The 
following  scale  is  calculated  according  to  the  formula 
,  10" -l> 


A=  55000 


30"  +  b' 


where  b  is  the  barometrical  reading  at  the  upper  station 
in  inches,  and  h  is  the  elevation  in  feet ;  the  values  are 
arranged  to  admit  of  interpolation. 
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3400 
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For  any  other  permanent  temperature  (/)  at  any 
two  stations,  where  the  barometric  readings  are  B  and 
b,  the  Schuklburgh  scale  for  thermometric  variation  of 
the  height  of  a  column  of  air,  gives  the  formula, 

B 


in  which,  log  ' 


>  \B  +  bJ 


very  nearly. 


But  when  the  temperature  of  the   air  is  different 

at  the  two  stations, 

if  B  is  the  barometrical  reading  at  the  lower  station, 
b  is  the  barometrical  reading  at  the  upper  station, 
T  the  temperature  at  the  lower,  I  at  the  upper,  the 

ordinary  formula  is 


A=6036ox 


-  X     i+0-00l0l4{7'+/— 64°) 
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But  this  formula  will  not  by  any  means  apply 
correctly  to  any  aneroid  barometer;  the  correction 
for  each  instrument  should  be  determined  by  experiment 
and  comparison  with  a  good  standard. 

Elevations  under  5000  feet  can  be  determined  with 
aneroids  within  10  or  even  5  feet,  if  pairs  of  instruments 
be  used  simultaneously:  with  instruments  used  inde- 
pendently the  errors  may  be  as  large  as  30  feet. 

8.  The  Hypsometer  is  a  very  sensitive  thermometer 
for  determining  the  temperature  of  pure  water  when 
boiling,  and  thence  calculating  the  elevation  of  the  place 
above  that  where  the  same  hypsometer  would  indicate 
a  boiling  point  of  212°  Fahrenheit ;  the  temperature  falls 
one  degree  Fahrenheit  for  about  540  feet  of  increased 
elevation. 

\{  D  is  the  depression  of  temperature,  of  the  boiling 
point  in  degrees  Fahrenheit,  //  the  elevation  in  feet, 

This  instrument  is  suited  to  determining  elevations 
above  sea-level  of  spots  in  mountainous  countries  in 
travellers*  explorations. 

A  selection  from  some  hypsometrical  observations 
taken  in  Thibet  will  be  found  in  field  record  No.  VII. ; 
they  apply  to  the  stations  of  the  route-survey  of  field 
record  No.  VI.  shown  in  reduced  plan  Plate  XI. 

FormiilcB  and  Calailations, 

The  calculations  in  connection  with  levelling  are 
generally  of  a  very  simple  nature ;  they  mostly  consist 
in  the  addition  of  lengthy  columns  of  level-readings  by 
various  methods  that  verify  the  results  ;  examples  of  the 
two  more  common  modes  of  doing  this,  the  Rise-and- 
Fall,  and  the  Collimation-sight  method,  are  given  in  the 
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Forms  of  Record,  or  patterns  of  level-book,  following. 
The  formulae  required  are  very  few,  and  are  hence  given 
with  the  account  of  the  instrument  and  method  to  which 
they  more  specially  apply. 

Demarcation  of  level-points.  (Sec  Demarcation  of 
Survey-points,  Chapter  1.,  pages  6j  to  69). — Temporary 
points  may  be  marked  with  whites;  more  permanent 
level  points  by  single  square  pegs,  to  distinguish  them 
from  round  survey  pegs ;  and  specially  important  level 
points  by  two  square  pegs  near  each  other,  so  driven 
that  their  heads  are  level.  Such  pegs  should  be  nearly 
flush  with  the  ground.  Flat -headed  iron  pins  may  be 
used  for  the  same  purpose.  Bench-marks  are  gene- 
rally chiselled  on  some  perm.inent  stone  slab,  pillar,  or 
wall;  the  usual  form  of  mark  for  them  is  ^v-  ^'^^ 
upper  surfaces  of  portions  of  permanent  ironwork- 
rails,  flanges  of  girders,  parts  of  gates,  are  also  made  to 
serve  the  same  purpose,  some  cross-mark  being  gene- 
rally dinted  with  a  chisel  to  mark  the  point ;  in  every 
case  a  sketch  and  full  description  of  the  position  of  the 
bench-mark,  both  with  regard  to  surrounding  objects 
and  the  parts  of  the  structure  on  which  it  is  made, 
should  be  recorded.  More  time  has  perhaps  been 
wasted  on  account  of  want  of  sufficient  precaution  in 
this  respect  than  from  any  other  sort  of  neglect  in  ope- 
rations of  this  class.  It  may  also  be  noted  that  giving 
insufficient  information  about  bench-marks,  or  marking 
them  insufficiently  or  doubtfully  for  others  to  work  from, 
has  always  been  a  fruitful  source  of  error. 
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Section  2.       CLASSIFICATION    OF    LEVELLING 

Operations. 

The  operations  of  levelling  may,  like  surveying 
operations,  be  classified  according  to  the  principal  in- 
strument chiefly  used  ;  such  an  arrangement  would  not 
however  be  very  practical,  as  the  greater  portion  of  level- 
ling operations  conducted  by  Englishmen  is  now  generally 
carried  out  with  levelling  instruments  of  the  Gravatt 
type ;  it  is  more  convenient  for  this  as  well  as  other 
reasons  to  treat  the  subject  with  reference  to  the  various 
intended  objects  and  the  scope  of  operation ;  and  to 
classify  the  modes  of  operation  in  accordance  with  the 
nature  of  the  ground  over  which  the  work  proceeds. 

The  more  usual  objects  are : 

1.  To  obtain  levels  or  relative  heights  of  the  princi- 
pal natural  features  of  an  extent  of  country. 

2.  To  obtain  sufficient  levels  over  a  portion  of  country 
for  producing  a  perfectly  contoured  plan  of  it,  from 
which  the  level  of  any  point  may  be  approximately 
deduced. 

3.  To  obtain  a  simple  chain  of  distant  bench-marks 
along  a  line  of  country  for  subsequent  reference. 

4.  To  take  a  series  of  detached  or  flying  levels 
with  a  small  amount  of  labour  which  may  serve  as  a 
guide  in  preliminary  designs  of  works  of  communication. 

5.  To  take  such  levels  in  any  long  strip  of  country, 
within  previously  determined  lateral  limits,  as  may  suffi- 
ciently serve  for  the  purposes  of  detailed  designs  of 
works  of  communication. 

I .  Tfie  natural  features  of  a  country  are  made  up  of 
its  distinctive  varieties  of  surface,  which  are  most  strongly 
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pronounced  and  indicated  at  various  points  occurring  in 
its  series  of  primary  and  subsidiary  ridges  and  valleys, 
or  watershed  and  watercourse  lines.  This  double  or 
combined  system  of  lines  constitutes  a  method  of  natu- 
rally subdividing  the  surface  of  any  portion  of  the  earth, 
however  large  or  small.  Commencing  with  the  largest 
continents ;  these  may  be  naturally  subdivided  into  a 
series  of  extensive  catchment  areas,  or  river  basins, 
within  each  of  which  all  rainfall  follows  an  independent 
course  to  the  sea.  The  limits  of  these  catchments  are 
main  watershed  lines  or  ridges,  sometimes  marked  by 
mountain  ranges  and  sometimes  hardly  distinguishable 
to  the  naked  eye  on  account  of  the  flatness  of  some 
plateau,  but  in  all  cases  delinite  lines.  These  extensive 
catchments  again  can  be  subdivided  into  a  series  of 
secondary  catchments,  whose  limits  consist  of  portions 
of  the  main  watershed  lines  and  secondary  ridges 
branching  from  the  former.  This  process  of  successive 
subdivision  of  catchment  areas  may  be  continued  until 
the  resulting  portions  become  as  small  as  English 
combes,  and  possibly  again  until  the  parts  become  mi- 
croscopic, the  limiting  lines  being  always  watersheds, 
main  or  subsidiary,  or  both  in  various  orders,  primary, 
secondary,  tertiary,  and  so  forth.  Commencing  afresh 
with  the  large  rivers  that  discharge  into  the  sea  from 
any  continent  ;  the  main  courses  of  these  are  the  main 
watercourse  lines  of  the  continent ;  their  tributaries  are 
the  secondary  watercourse  lines  branching  off  from  the 
former,  the  affluents  of  the  tributaries  form  the  tertiary 
watercourse  lines,  and  the  subdivision  may  be  carried 
on  by  these  ramifications  until  the  last  watercourse  lines 
are  merely  excessively  small  rills  in  which  water  may 
only  occasionally  run   in    minute   quantity.     The   sub- 
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division  of  catchment  areas  is  illustrated  in  Plate  VII. 
The  points  of  divergence  of  the  watershed  lines,  the 
points  of  convergence  of  the  watercourse  lines,  the  points 
of  marked  change  of  inclination  occurring  both  along 
the  watershed  and  watercourse  lines,  such  as  peaks, 
passes,  and  hollows,  and  the  levels  of  table-lands,  plains, 
and  lakes,  are  thus  the  points  that  most  distinctively 
indicate  the  natural  features  of  the  country.  The 
principal  or  most  marked  among  these  are  the  points 
whose  levels  are  observed  in  order  to  carry  out  the 
object  first  mentioned.  The  position  of  these  points 
is  determined  by  surveying  operations,  although  some 
additional  measurements  are  sometimes  needed  in  con- 
junction with  the  levelling. 

2.  ContourSy  or  contour  lines,  are  lines  of  equal  rela- 
tive height  on  the  earth's  surface  ;  the  edge  of  a  lake  is 
an  instance  of  a  natural  contour  line,  and  the  edges  of 
imaginary  lakes  having  various  successive  depths  of 
water  of  equal  decrement  represent  the  artificial  contour 
lines  conventionally  used  in  plans  to  indicate  detail  in 
form  of  surface.  The  difference  of  elevation  between 
any  two  contours  on  a  plan  is  a  constant  quantity, 
generally  some  round  number  in  feet,  fixed  in  accord- 
ance with  the  declivities  of  the  country  and  the  scale  of 
the  plan.  Contour  lines  are  almost  invariably  at  right 
angles  both  to  the  principal  watershed  lines  and  to  the 
principal  watercourse  lines  wherever  they  exactly  happen 
to  cross  them,  the  exceptions  being  where  they  become 
coincident  with  them,  as  at  very  sharply-defined  ridges 
or  hollows  of  equal  height  or  equal  depth.  See  Plate  VI II. 

3.  Lines  of  distant  bench-marks. — These  are  generally 
undertaken  by  the  national  survey  department  of  the 
country,  and  executed  with  superior  instruments  and  great 
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precision  for  purposes  of  public  utility  and  reference.  In 
very  extended  open  country  the  course  followed  is  fixed 
by  convenience  and  is  frequently  along  main  valleys,  or 
in  a  scries  oflines  connecting  the  principal  towns.  The 
results  are  a  series  of  correctly  marked  bench-marks, 
and  a  list  of  them  showing  their  position  and  height. 
The  experience  gained  from  such  operations  also  forms  a 
guide  to  ordinary  levelling  and  a  means  of  estimating 
causes  and  sources  of  error ;  a  subject  that  will  be 
treated  in  a  subsequent  section. 

4.  Flying  levels. — These  are  taken  at  any  detached 
points  chosen  in  connection  with  some  special  object, 
more  generally  some  proposed  work  of  communica- 
tion, and  serve  as  a  basis  for  preliminary  designs. 
The  binding  points  of  such.design5  are  therefore  those 
whose  levels  are  specially  required  ;  they  are  generally 
practically  useful  points  at  or  near  towns,  at  various 
crossing  points  of  rivers,  saddles  of  ridges,  points 
of  abrupt  change  in  the  general  rise  or  fall  of  the 
country,  and  proposed  points  of  junction  with  existing 
lines  of  communication.  Such  levels  are  generally 
rapidly  and  rather  roughly  determined  ;  they  may  either 
be  recorded  on  plans  or  in  the  form  of  rough  sections  on 
a  very  small  scale. 

5.  Complete  levels  for  final  designs. — A  series  of 
detailed  levels  sufficiently  complete  for  purposes  of  final 
design  for  works  of  communication  should  consist  firstly 
in  a  fully  corrected  set  of  levels  for  the  points  previously 
determined  for  the  preliminary  design  ;  secondly,  in  an 
amplification  of  the  same  by  levels  of  intermediate  and 
lateral  points  ;  and  thirdly,  in  sets  of  contour  levels  over 
such  parts  of  the  country  as  are  most  specially  affected 
by  the  intended  works  or  are  most  likely  to  affect  the 
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proposed  construction  and  design  by  their  form  of  sur- 
face. Canals  and  works  involving  the  collection,  storage, 
and  distribution  of  water  are  more  specially  affected  by  in- 
accuracy of  level.  The  greater  portion  of  such  levels  are 
most  generally  recorded  in  the  form  of  longitudinal  sec- 
tions, with  a  series  of  short  or  cross  sections  ;  the  remain- 
der being  recorded  as  contours  on  portions  of  the  plan. 

Under  this,  as  well  as  the  foregoing  four  heads,  the 
purposes  of  the  actual  design  or  intended  object  can 
alone  serve  as  a  guide  to  the  extent  of  work  and  amount 
of  detail  required  in  the  series  of  levels.  The  scope  of 
such  operations  may  vary  from  a  few  hundred  feet 
to  a  few  hundred  miles,  and  the  amount  of  detail 
required  may  also  vary  enormously. 

The  nature  of  the  country^affects  levelling  operations 
to  a  great  degree ;  the  use  of  the  Gravatt  level  being 
confined  principally  to  level  and  moderately  undulating 
localities,  the  Eckhold  principle  and  instruments  of  the 
inclined  or  A-level  type  being  suited  to  inclined  ground, 
and  the  portable  reflecting-level  being  necessary  in 
steep  and  precipitous  country.  These  three  last  con- 
siderations, as  well  as  the  five  previously  given,  and  the 
variety  of  extent  and  detail,  constitute  the  practical  dis- 
tinctions in  levelling  operations  of  various  kinds. 

Section  3.    LEVELLING  Operations. 

Levelling  in  Moderately  Even  Localities, 

The  principal  part  of  all  works  of  engineering, 
manufacture,  agriculture,  and  trade  being  carried  on  in 
the  plains  or  level  portions  of  any  country,  the  greater 
portion  of  levelling  operations  necessarily  also  happens 
to  be  carried  out  in  similar  localities  in  order  to  meet 
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the  wants  of  those  residing  there.  Telescopic  levelling 
instruments  and  graduated  level-staves  of  the  Gravatt 
type  are  the  appliances  most  commonly  used  under 
such  circumstances  ;  the  14  or  16-inch  level — that  is,  an 
instrument  with  a  16-inch  telescope— being  the  size 
adopted  for  ordinary  purposes,  and  the  1 3-inch  level 
being  used  wherever  difference  of  level  becomes  more 
important  and  greater  accuracy  is  required,  as  for  canals 
in  very  fiat  country.  The  former  instrument  generally 
should  have  a  telescope  with  a  magnifying  power  of 
about  16  to  18  times,  the  latter  about  18  to  20  times. 
In  either  case  the  level  should  be  as  long  as  the  tele- 
scope admits  of,  and  should  be  sensitive,  that  is  of 
rather  flat  curvature.  It  is,  however,  better  in  all  cases 
to  have  a  telescope  of  higher  magnifying  power — for  the 
former  20  times,  for  the  latter  25  times — for  this  causes 
only  one  drawback,  that  very  short  sights  cannot  be 
taken  with  it,  while  the  advantages  of  being  able  to 
take  long  sights  and  get  over  ground  faster,  and  that  of 
using  the  instrument  with  additional  wires  as  a  tele- 
meter, are  relatively  important. 

It  is  most  usual  that  surveying  operations  precede 
those  of  levelling,  so  that  the  points  at  which  levels 
are  required  are  shown  on  some  plan,  and  may  be 
also  marked  on  the  ground  by  whites  or  pegs  ready 
for  the  leveller ;  practically  however  it  often  happens 
that  this  is  only  done  for  a  certain  number  of  points, 
and  that  additional  measurements  have  to  be  chained 
for  determining  the  position  of  many  more ;  under 
such  circumstances  observation  of  distance  with  the 
telescope- wires  effects  a  great  saving  of  time,  and  within 
certain  distances  is  quite  as  correct  as  chaining.  (See 
paragraphs  on  Telemetry,  page  16.) 
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The  simple  operation  of  levelling  from  a  known 
point  to  another  whose  level  is  required  may,  if  the 
distance  is  short,  be  obtained  from  one  pair  of  sights 
taken  with  the  instrument  at  one  spot.  Thus  if  the 
known  level  of  a  point  A  be  40*00  feet,  and  the  unknown 
point  B  be  at  a  distance  of  350  feet  from  it,  the  instru- 
ment may  be  set  up  at  any  convenient  spot  from  which 
A  and  B  are  visible,  the  level-staff  being  held  up  succes- 
sively at  A  and  B,  and  readings  on  them  being  obtained 
5*25  and  675  feet  respectively,  the  required  level  of  the 
point  B  is  hence  38*50  feet.  It  is  however  better  in  this 
as  in  every  case  to  use  equidistant  sights,  that  is,  that 
the  instrument  should  be  set  up  at  a  point  equidistant 
from  A  and  B,  or  nearly  so,  but  not  necessarily  in  the  line 
AB  and  at  175  feet  from  each  ;  as  greater  accuracy  is  thus 
obtained,  the  distorting  effects  of  curvature  and  refrac- 
tion in  the  two  sights  being  thus  equalised  and  neutra- 
lised in  the  resulting  difference. 

The  circumstances  and  limits  under  which  a  dif- 
ference of  level  may  be  thus  taken  by  one  pair  of 
sights  are,  that  the  greater  distance  sighted  shall  not 
exceed  the  powers  of  the  telescope  for  clearly  reading 
the  graduations  under  the  actual  atmospheric  con- 
dition, that  the  fall  or  rise  in  the  sum  of  the  two 
distances  sighted  shall  not  be  so  great  that  the  line 
of  sight  may  pass  below  the  zero  of  the  one  staff  or 
above  the  top  of  the  other ;  and  lastly,  under  any  cir- 
cumstances in  ordinary  work  it  is  rarely  advisable  to 
take  any  sight  to  a  distance  more  than  650  feet,  and 
hence  the  two  points  A  and  B  should  not  be  more  than 
1300  feet  apart.  This  limit  is  so  arranged  that  the 
effect  of  curvature  and  refraction  may  be  neglected  in 
levelling  operations. 
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First,  to  consider  the  effect  of  curvature.  The 
earth  being  a  spheroid,  which  for  these  purposes  may 
be  considered  to  be  a  sphere,  any  truly  horizontal 
h'ne  of  considerable  length  is  a  circular  arc  described 
from  a  centre  which  is  the  centre  of  the  earth  ;  the 
line  of  sight  directed  on  to  a  level-staff  through  a 
levelled  telescope  is  (if  the  effect  of  refraction  be  neg- 
lected) a  straight  line  tangential  to  this  arc  at  the  eye- 
piece which  hits  off  a  graduation  on  the  level-staff  above 
the  actual  point  of  equal  height ;  the  difference  of  height 
is  the  correction  to  be  deducted  from  any  reading  on 
account  of  the  curvature  of  the  earth,  and  is  a  third 
proportional  to  the  diameter  of  the  earth  and  the  dis- 
tance between  the  instrument  and  the  staff,  or  if  taken 
in  sufficiently  close  numbers, 

Correction  in  feet  e  (distance  in  feet)'-+-42  ooo  ooo ; 

hence  to  need  a  correction  amounting  to  — ooi  on  this 
account  the  distance  for  the  sight  would  be  about 
650  feet.  In  this  case  the  cause  of  error  is  invariable, 
the  correction  can  at  any  time  be  calculated  and  sub- 
tracted from  any  reading,  and  if  nearly  equidistant 
sights  are  adhered  to,  it  may  be  entirely  neglected. 

Next,  to  consider  the  effect  of  atmospheric  refraction. 
The  amount  of  error  due  to  such  refraction  varies  with 
the  condition  of  the  air,  and  though  it  would  be  mis- 
leading to  apply  a  mean  value  which  might  possibly 
never  be  justly  due  to  actual  conditions  more  than  once 
or  twice  in  a  lifetime,  yet  the  maximum  value,  which  is 
about  half  of  the  error  due  to  curvature  but  of  opposite 
sign,  can  be  taken  into  account  and  guarded  against. 
The  extreme  correction  on  this  score  hence  would 
be  +o'OOS  in  a  sight  of  650  feet,  and  this  is  just  an 
amount  appreciable  in  ordinary  reading. 
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Lastly,  reflex  refractive  action.  When  the  visual 
ray  of  the  observer  passes  close  to  the  surface  of  the 
earth  in  its  direction  to  the  object,  it  is  in  long  sights 
liable  to  a  certain  amount  of  distortion,  the  amount  of 
correction  for  which  cannot  be  estimated  or  calculated 
according  to  any  law  or  formula,  but  may  either  be  po- 
sitive or  negative  in  sign.  It  has  been  noticed  by  the 
author  more  especially  in  levelling  in  South  America 
and  India,  and  occasionally  in  very  hot  and  bright 
weather  in  England  and  Wales ;  and  it  is  evidently 
distinct  from  the  simple  refraction  before  mentioned  as 
due  to  mere  quality  of  the  air.  From  its  variation  with 
the  nature  of  the  surface,  from  dry  parched  sand  up  to 
very  damp  vegetation  of  heavily  irrigated  standing  crops 
and  rank  lagoon  growth,  as  well  as  with  the  temperature 
and  hygrometrical  condition  of  the  air,  it  appears  that 
the  cause  is  a  dynamic  change,  a  hygrometrical  move- 
ment (in  distinction  to  a  hygrometrical  condition)  which 
causes  a  reflex  refractive  action  on  the  visual  ray  that 
comes  within  range  of  this  movement  An  increased 
elevation  of  the  line  of  sight  by  a  foot,  and  sometimes 
only  half-a-foot,  may  be  sufficient  to  free  the  ray  from 
this  distortion.  Further  experiment  on  an  extended  scale 
will  probably  result  eventually  in  the  determination  of 
some  correct  law  and  formula  by  which  this  class  of  error 
may  be  rigidly  defined  ;  in  the  interim  its  existence  is 
here  indicated  by  way  of  warning,  and  its  mean  value 
as  estimated  by  the  author  lies  between  4-00025  and 
—00025,  even  at  comparatively  short  distances.  (No 
mention  of  this  phenomenon  has  been  found  recorded.) 
In  England  it  is  generally  almost  inappreciable  in 
amount  during  cool  weather ;  and  probably  also  in  any 
country  when  working  over  dry  naked  soil. 
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These  two  latter  elements  of  uncertainty,  added 
to  the  first,  of  alteration,  combine  to  form  the  limit 
to  levelling  sights  suited  to  all  ordinary  possible 
conditions,  that  has  already  been  given.  There  are, 
also,  other  sources  of  error  which  when  they  combine 
to  produce  a  cumulative  result  may  seriously  affect 
a  single  pair  of  sights,  but  as  they  generally  do  not, 
they  will  be  treated  subsequently  with  reference  to 
extended  series  of  sights,  in  a  section  devoted  to  that 
subject. 

Levelling  to  obtain  solely  the  relative  height  of  a 
distant  point  is  effected  by  taking  a  continuous  series 
of  pairs  of  sights  from  the  given  up  to  the  distant 
point,  each  pair  c4  sights  being  taken  in  the  manner 
and  under  the  limits  already  explained.  The  reduced 
level  of  the  distant  point  then  =  the  reduced  level  of 
the  starting  point  +  sum  of  all  the  back  sights— sum 
of  all  the  fore  sights. 

Levelling  to  obtain  a  correct  section  of  a  continuous 
surface  is  generally  similar  to  the  last  operation,  but 
varies  from  it  in  that  the  intermediate  points  and  the 
changing  points  through  which  the  levelling  proceeds 
must  be  correctly  chosen,  and  also  have  their  levels  de- 
termined so  that  all  variation  of  slope  may  be  truly 
shown  on  the  section.  In  the  attached  figure  (21)  A  is 
the  given  starting  point,  C,  D,  F  are  changing  points, 
and  B  and  E  are  intermediate  points,  while  G  is  the  last 
point  of  the  section.  The  sights  to  A,  B.  and  C  are 
taken  from  one  position  of  the  instrument,  and  the 
level  of  A  being  given,  those  of  B  and  C  are  thus 
obtained ;  the  level-staff  being  kept  at  C  the  instru- 
ment is  moved  to  its  second  position,  whence  sights 
are   taken  to    C  and  D;    the   staff  at  C  having  been 
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turned   round    to   face    the    instrument,   this    pair    of 
readings  gives  the  level  of  D ;  from  the  third  position 


F  d  ^ 

Figure  21.     Method  of  Levelling  a  Section. 

of  the  instrument  sights  are  taken  on  D^  -£",  and  F\ 
and  from  the  fourth  position  sights  on  F  and  G,  from 
which  the  levels  of  all  these  points  are  deduced  by  ad- 
dition and  subtraction.  The  back  sights  are  the  readings 
on  the  starting  and  changing  points  A,  Q  D,  F,  taken 
in  the  direction  of  the  starting  point ;  the  fore  sights  are 
the  readings  on  the  changing  points,  and  the  final  point 
C,  Dy  Fy  G  taken  in  the  direction  of  the  final  point  or 
onward  direction  ;  and  it  is  evident  that  an  error  in  any 
one  of  these  readings  will  affect  the  reduced  level  of  any 
subsequent  point  obtained  through  them  ;  for  this  reason 
the  level-staff  should  be  held  truly  vertical  with  plumb 
line,  or  swung  gently  backwards  and  forwards  by  the 
holder  to  get  a  minimum  reading  at  changing  points  ; 
while  any  error  in  observing  on  an  intermediate  point  B 
or  E  will  merely  affect  the  reduced  level  of  that  point 
and  no  other,  hence  less  care  is  necessary  in  intermediate 
readings.  The  resulting  section  will  not  only  depend 
on  the  actual  ground  surface,  but  also  on  the  positions 
chosen  for  the  level-staves  ;  for  if  the  staves  had  in 
this  case  been  held  at  Ay  a,  6,  Cy  d,  G  instead  of  at 
ABCDEFGythe  dotted  line  shown  in  the  figure  would 
in  that  case  be  the  resulting  section ;  and  as  this 
would  not  truly  represent  the  most  marked  changes  of 
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inclination,  it  would  be  a  false  section,  however  correctly 
the  actual  reading  might  have  been  taken  and  added 
together,  and  would  be  useless  from  not  showing  the 
true  character  of  the  surface. 

In  levelling  on  extensive  lines  of  section,  a  bench- 
mark is  generally  made  at  about  every  furlong,  or  at 
every  quarter  of  a  mi!c,  so  that  any  accidental  error  in  the 
operation  may  not  involve  re-levelling  the  whole,  but 
only  recommencement  from  the  bench-mark  preceding 
the  error. 

Cross  sections,  or  short  sections  at  right  angles  to 
any  series  of  longitudinal  section,  are  levelled  in  a 
similar  manner,  the  starting  point  being  more  generally 
in  the  middle  of  the  cross  section.  When  these  are  very 
short,  the  sights  necessary  for  them  may  often  be  taken 
nearly  simultaneously  with  those  for  the  longitudinal 
section  without  removal  of  the  instrument,  in  which  case 
all  such  become  intermediate  sights. 

Two  examples  showing  the  forms  for  recording  and 
reducing  level- readings  are  attached  to  this  chapter. 

Of  the  two  methods,  the  Colliniation  method  of 
reducing  levels  is  to  be  preferred,  as  it  saves  one  column 
of  figures,  and  is  more  simple  in  working  out  as  the 
distinction  between  rises  and  falls  is  not  considered. 
Under  either  method,  readings  of  intermediate  sights 
may  either  be  entered  in  a  separate  column  or  among 
the  foresights,  in  which  case  they  must  be  distinguished 
by  a  circle  round  them  so  as  not  to  interfere  with  the 
addition  of  the  columns. 

The  Rise-and-Fall  method  is  that  most  commonly 
adopted  by  English  surveyors,  who  are  apt  to  adhere  to 
older  systems  without  taking  the  trouble  to  investigate 
new  methods. 
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In  either  case  the  original  record  of  staff-readings 
should  never  be  altered  afterwards,  however  much  it 
may  be  necessary  to  re-write  the  figures  used  in  reduc- 
tion. 

The  foregoing  description  of  the  mode  of  levelling  a 
section  along  a  ground  surface  applies  to  ordinary  work ; 
the  levels  of  exceptional  points  out  of  the  range  of  the 
level-staves  are,  however,  sometimes  wanted,  in  which 
case  the  level  of  some  point  in  the  same  vertical  line 
must  be  obtained  by  this  process,  and  the  remaining 
difference  of  level  to  the  required  point  obtained  by 
direct  measurement  with  plumbed  chain,  extra  staves, 
or  sounding-cord.  If  a  required  point  is  only  slightly 
out  of  the  range  of  the  level-staff  when  held  on  the 
ground,  as,  for  example,  the  under  side  of  a  girder  or 
the  keystone  of  a  railway  arch,  the  staff  may  be  reversed 
and  held  with  its  lower  end  to  the  keystone  during  the 
reading ;  the  reversed  reading  should  then  be  specially 
marked  in  the  record.  If,  owing  to  considerable  fall  in 
the  ground,  a  line  of  collimation  should  just  overshoot 
the  top  of  the  level-staff,  the  staff  may  be  held  up  in  the 
hands  during  the  reading,  while  a  second  man  measures 
the  height  of  the  bottom  from  the  ground  with  a  tape 
or  another  staff:  the  additional  height  should  then  be 
recorded,  as  well  as  the  reading.  This  device  may  be 
used  at  intermediate,  but  not  at  changing  points. 
Another  method  of  meeting  the  same  difficulty  within  a 
small  limit  is  to  incline  the  telescope  a  little  downwards 
till  the  staff  is  visible,  and  to  make  use  of  the  bubble- 
reading  of  the  level  to  calculate  a  correction  to  be  added 
to  the  staff-reading.  A  subtense  table  for  the  gradua- 
tions of  dislevelment  of  the  instrument  used  is  very 
useful  in  such  cases. 
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In  ordinary  levelling  in  England  no  special  further 
precautions  or  corrections  are  necessary  beyond  those 
already  mentioned ;  but  in  levelling  for  long  distances 
in  tropical  countries  when  a  higher  amount  of  accuracy 
is  required,  and  in  which  1 8-inch  levels  become  necessary, 
it  becomes  necessary  to  consider  and  investigate  all 
possible  sources  of  error.  These  wilt  be  treated  in 
another  section. 

The  two  sections  in  figures  22  and  23  are  plotted 
from  the  two  records  accompanying. 


FoBH  o?  Record.    Rise-amd-Fali,  Method, 


3Kk      mi-       For* 
Sights    diarc    Si^hi^   Risr 


3-98 
6-S4 


Rtdiucd      Dii- 


35087  -| 
164   349- J3 

3500 ' 

3S07S 
174  349  O' 
3'30  3457' 
383   34 '-89 

346-57 


Tolals  and  diffs. 


050 


,■30. 


3»o 

I- "8  34539 

4'88 

360 

0-40  34499 

7'o5 

5-65 

077   344-22 

11-54 

ir65 

i3'7 

6.2  338-10 
on    33799 

6-69 

9-02 
0-40 

989 

■76 

3397S 
2-33  337-42 
I  38  336-04 

10-08 

0-S7 

934 
4-03 

•06 

33r>o 
0-49  336-61 
3-46   333* 'S 

Tolals  and  diffs. 


Zero  peg  of  branch- 
line  15l'ftomoiit- 


On  ground  surface 
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Form  of  Record.    Collimation  Method. 


Inter- 

Colli- 

Total 

Back 

me- 

Fore 

mation 

Reduced 

Dis- 

Dis- 

Sights 

diate 

Sights 

Levels 

Levels    I 

tances 

tance 

Remarks 

036 

13869 

138-33 

39-00 

Peg  on  site  of  proposed 
dam  at  a  cistern 

500 

133-69 

i-oo 

40*00 

Up  a  valley 

400 

!• 

134-69 

I -00 

4100 

670 

8-20 

13719 

13049 

100 

4200 

At  a  comer 

565 

131-54 

I'OO 

43-00 

In  a  bend 

945 

12774 

I  00 

44-00 

193 

985 

1 29*27 

127-34 

roo 

45-00 

By  pole  at  end  of  gra- 
dient, opposite  ma- 
chine-house 

1-48 

HOC 

119-75 

118-27 

40' 

40' 

1-55 

I2I8 

108-12 

106-57 

40' 

80^ 

164 

13-88 

95-88 

94*24 

30' 

no' 

no 

13-92 

8306 

8196 

25' 

135' 

165 

i6-6s 

7206 

70-41 

30' 

165' 

200 

13^5 

6091 

5891 

25' 

190' 

1*22 

1300 

49-13 

57-91 

30^ 

220' 

1-85 

1310 

37-88 

3603 

35' 

*S5' 

370 

13*06 

28*52 

2482 

35' 

290'   j 

On  a  flat  bench  by  a  path 

590 

12-35 

2207 

16-17 

16' 

306' 

Near  ed^  of  lower 
bench,  by  wall 

13-30 

877 

28' 

334' 

On  the  road 

0 

900 

1307 

26' 

360' 

C,  on  wall,  north  of  road 

1000 

307 

5' 

36s' 

B,  plinth  of  machine- 
house 

3108 

16634 

Diffs. 

135-26 

135-26 

JK. 


< -^;- 


S''^A 


J? 


^ 


I 


Figure  23A.    Sketch  at  Machine-house  in  Line  of  Section. 
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Levelling  on  Inclined  Ground. 

The  levelling  instrument  of  the  Gravatt  type,  with 
horizontal  sights  on  graduated  staves,  may  be  used  on 
moderate  inclines  in  the  manner  already  described  with 
a  very  fair  rapidity ;  but  when  the  incline  becomes 
rapid,  that  mode  of  operation  has  to  be  conducted  with 
short  sights  and  a  telescope  of  low  power  :  the  number 
of  sights  per  mile  is  enormously  increased,  and  the  work 
becomes  laborious  and  tedious.  Under  such  circum- 
stances, therefore,  it  becomes  necessary  to  depart  from 
the  system  of  horizontal  sights,  and  to  adopt  inclined 
sights  or  reciprocal  vertical  angles, 

1st,  When  the  levels  of  comparatively  distant  de- 
tached points  are  alone  required,  such  as  of  survey- 
stations  visible  from  each  other.  The  use  of  aneroid 
barometers,  giving  results  within  lo  feet  or  at  the  best 
within  5  feet  of  the  truth,  is  more  suited  to  very  steep 
country,  and  is  inapplicable  to  accurate  levelling  in  this 
case.  The  method  of  reciprocal  vertical  angles  may, 
however,  be  conveniently  adopted  by  two  observers 
with  accurate  well-graduated  instruments— reflecting 
circles,  sextants,  or  theodolites — with  or  without  the  aid 
of  mercurial  horizons.  Bright  weather  is  necessary  for 
this  work.  Preconcerted  times  and  signals  should  be 
arranged,  watches  compared,  and  sunflash  signals  made, 
to  ensure  that  the  observations  may  be  perfectly  simul- 
taneous. The  reciprocal  angles  of  elevation  and  depres- 
sion should  be  observed  at  least  three  times  to  obtain  a 
good  mean,  after  rejecting  faulty  observations  ;  index 
error  should  be  carefully  and  frequently  noted.  The 
reduced  horizontal  distance  between  the  two  stations 
being  known  from  previous  survey  operations,  the  ele- 
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vation  is  equal  to  that  distance  multiplied  by  the  tangent 
of  the  resulting  mean  of  the  six  corrected  angles. 

2nd.  When  a  longitudinal  section,  or  series  of  levels, 
is  required  between  two  such  stations  situated  at  some 
rather  long  distance  apart,  which  may  sometimes  be  not 
visible  from  each  other,  levelling  on  graduated  staves 
with  inclined  sights  may  be  necessary.  In  such  opera- 
tions the  levelling  may  be  executed  either  with  the 
theodolite,  the  omnimeter  of  Eckhold,  or  with  a  level- 
ling instrument  specially  constructed  for  this  purpose. 
The  use  of  these  instruments  has  been  already  ex- 
plained at  pages  18  and  149.  It  is  better,  as  far  as 
possible,  to  keep  to  one  fixed  angle  of  inclination 
throughout  a  set  of  sights  between  stations,  and  to 
adhere  to  round  numbers  in  distances,  as  the  reduction 
of  sights  and  levels  can  be  more  easily  and  rapidly 
calculated.  If  the  distances  used  in  calculation  have 
been  measured  on  the  incline,  the  correction  for 
declivity  =  inclined  distance  x  sine  of  the  angle  used  ; 
but  if  horizontal  distances  are  used,  the  correction  for 
declivity = horizontal  distance  x  tang,  of  the  angle  used. 
Apart  from  this  correction,  the  level-readings  are  re- 
duced in  the  same  way  as  ordinarily  with  horizontal 
sights.  Index  error  should  be  carefully  and  frequently 
noted  during  such  work.  In  some  instruments,  the 
graduation  of  the  arc  of  the  instrument  is  set  to  the 
ratio  of  the  inclination,  and  the  ratio  given  can  then  be 
used  instead  of  the  angle  in  calculating  the  correction, 
provided  that  there  is  not  any  index  error. 

Levelling  in  Steep  Country, 

1st.  The  levels  of  detached  points  may  be  obtained 
with   aneroid   barometers,   as   much    accuracy   can   be 


•74 


LEVELUNG 


generally  dispensed  wth  in  hilly  or  mountainous  country. 
The  use  of  the  aneroid  has  already  been  explained  at 
pages  151  and  152.  where  the  formulx  for  reducing  the 
elevations  are  given. 

2nd.  When  a  longitudinal  section,  or  the  levels  of  a 
series  of  points  at  short  distances,  are  required.  The 
levelling  may  be  executed  with  the  instruments  before 
referred  to,  that  are  adapted  to  inclined  sighting  on 
graduated  staves,  in  all  cases  in  which  the  steepness  of 
the  country  admits  of  it  When  the  hill-sides  are  so 
steep  that  the  instrument  is  removed  with  difficulty,  and 
the  work  becomes  very  laborious  and  slow,  it  is  better  to 
use  a  small  reflecting  level.  This  has  been  described  at 
pages  isoand  151.      Either  a  vane-staff  or  a  graduated 
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FiGUBB  14.     Levelling  on  Htll-Stdes. 

staff  may  be  used,  and  a  supporting-rod  for  hanging  the 
refiec ting-level  at  a  constant  height  is  generally  neces- 
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saiy.  The  distances,  which  are  necessarily  short,  are 
measured  horizontally  with  a  good  tape  or  chain, 
and  in  order  to  proceed  with  rapidity,  each  reading 
on  the  staff  should^  be  taken  nearly  at  its  extreme 
length  and  if  possible  near  the  top  of  the  staff. 
The  rise  or  fall  at  each  sight,  according  as  the  work 
proceeds  uphill  or  downhill,  is  equal  to  the  staff-reading 
less  the  height  of  the  level,  measured  on  the  supporting- 
rod.  (See  figure  24).  In  this  work,  going  uphill  is  the 
better  plan  in  practice.  Let  A  be  the  starting-point  of 
known  or  assumed  level,  where  the  graduated  staff  is 
held :  the  observer  proceeds  uphill  in  the  required 
direction,  and  sets  his  supporting-rod  at  B,  hangs  the 
reflecting-level  on  it,  and  takes  a  reading  on  the  staff  at 
A  ;  the  staff-holder  then  brings  the  staff  to  B,  and  the 
observer  goes  on  to  C  to  take  a  reading  on  the  staff  at  B, 
and  so  on.     The  records  are  thus  kept : 


Permanent  height  of  level  on  rod  3*5  feet 

4  sights  X  3*5  =3  14*00  feet 

5i'8o— i400«37-8o  feet.  =  Total  rise  in  145  feet 


Sights 

Distances 

A. 

13*30 

30- 

B. 

1250 

35- 

C. 

1275 

28- 

D. 

1325 

52- 

5180 

145 

When  hill-sides  are  excessively  precipitous,  and  often 
exceed  an  inclination  of  30°,  the  reflecting-level  may 
be  superseded  by  a  mason's  level,  the  horizontal  dis- 
tances being  measured  with  a  10- foot  staff  held  to  level, 
and  the  vertical  heights  with  a  graduated  level-staff; 
but  when  the  fall  is  nearer  30^  the  former  method 
is  more  rapid,  and  preferable.  It  is  generally  more  con- 
venient to  adhere  to  straight  lines,  and  not  to  vary  the 
direction,  in  levelling  on  steep  hill-sides. 
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Contouring. — The  difference  of  level  bettt'cen  contour 
lines  to  be  shown  on  a  p!an  is  made  dependent  on  the  scale 
of  the  plan,  the  steepness  of  the  ground,  and  the  object 
specially  under  consideration  ;  it  may  be  cither  one  foot 
or  fifty,  or  any  convenient  number  of  feet  between  the 
two.  The  principal  contours,  which  occur  at  every  fourth 
or  fifth  contour-line,  are  surveyed  and  plotted  with 
special  accuracy ;  the  remainder  are  interpolated  in  a 
rougher  way.  Thus,  if  the  principal  contours  have  3 
difference  of  level  of  100  feet,  the  intermediate  contours 
may  be  taken  at  differences  of  25  or  20  feet ;  or  if  the 
■  'former  are  taken  at  every  8  feet  of  elevation,  the  latter 
'  may  be  taken  at  every  2  feet  or  at  each  foot 

The  principal  contours  are  based  on  a  series  of 
sections  taken  on  the  principal  watercourse  and  water- 
shed lines  of  the  country,  according  to  which  the  position 
of  points  of  any  required  set  of  altitudes,  such  as  100, 
200,  300,  400,  etc.  feet,  can  be  plotted  on  the  plan  and 
marked  on  the  ground  ;  such  points  are  then  extremely 
distant  points  on  the  principal  contours.  Each  prin- 
cipal contour  is  then  separately  set-out  between  those 
points  with  the  levelling  instrument,  and  the  points  thus 
set-out  are  surveyed  (generally  with  compass  and  chain 
or  telemeter)  and  plotted  on  the  plan  as  well  as  marked 
on  the  ground. 

Intermediate  contour  lines  are  interpolated  in  various 
ways :  generally  intermediate  level-points  are  set-out 
and  surveyed  on  every  watershed  and  watercourse  line, 
between  which  these  contours  can  be  either  set-out 
and  surveyed,  or  accurately  sketched.  In  the  former 
case  the  interpolation  of  contours  should  in  flat  country 
be  done  with  the  water-level,  and  in  steep  country 
with  the  reflecting-level,  whenever  rapidity  is  an  im- 
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portant  object :  in  the  latter  case  the  sketching  may  be 
aided  by  measurements. 

As  all  such  work  must  be  done  on  the  spot,  and  gene- 
rally also  in  pieces,  tracings  of  the  original  survey-plan 
must  be  used,  and  the  resulting  work  transferred  back 
on  to  the  original.  The  finished  work  being  of  value  in 
accordance  with  its  accuracy,  the  latter  must  be  vouched 
for  by  inscribing  in  figures  on  the  plan  the  level  of  every 
point  that  has  been  actually  observed.     See  Plate  VIII. 

Hill-sketching, — Such  work  very  much  resembles  the 
interpolation  of  contours  just  described  ;  the  difference 
being  that  the  intermediate  contours  are  very  numerous, 
and  are  simply  sketched  in  without  the  aid  of  level  or 
measurement,  while  the  principal  contours  are  very  few, 
far  between,  and  roughly  determined. 

Hill  Reconnaissances, — In  this  work  even  principal 
contours  are  dispensed  with ;  a  few  detached  levels  of 
principal  points,  peaks  and  passes,  etc.  are  given,  and 
the  general  form  of  the  ground  is  shown  on  the  plan  by 
hill-shading,  or  a  close-hatching  of  broken  contour-lines 
sketched  on  the  spot — the  utility  of  this  work  is  con- 
fined to  representing  the  extent  of  the  hilly  ground, 
and  giving  some  notion  of  the  comparative  steepness  of 
the  hill-sides.  It  is  suited  to  rough  surveys  in  unexplored 
countries,  and  to  military  purposes. 

Section  4.     SOURCES   OF   Error   in   Levelling 

Operations. 

The  foregoing  explanation  is  intended  to  apply  to 
ordinary  levelling  in  the  ordinary  practice  of  the  sur- 
veyor, most  of  which  is  carried  out  with  the  14-inch  or 
1 6-inch  Gravatt  level.     When  a  higher  amount  of  accu-* 
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racy  is  necessary,  as  for  instance  on  canals  having  a  fall 
of  only  four  inches  per  mile,  it  becomes  necessary  to  use  an 
i8-inch  level,  and  besides  to  guard  against  all  possible 
sources  of  error — at  least  such  is  the  author's  opinion, 
forced  on  him  by  experience  in  1869;  others  may 
prefer  to  persevere  in  their  ordinary  practice,  and  make 
up  for  deficiencies  by  solemn  asseverations  of  wonderful 
results. 

In  order  to  guard  against  all  possible  sources  of 
error,  these  must  be  investigated,  and  always  kept 
in  view. 

During  a  careful  examination  of  this  subject,  it 
occurred  to  the  author  that  the  levelling  operations  of 
the  Indian  Trigonometrical  Survey  might,  as  well  as 
those  of  others,  throw  considerable  light  on  this  subject ; 
he  consequently  extracted  the  following  notes  from  their 
reports,  as  well  as  the  account  of  the  instruments  used 
by  them  and  the  errors  they  acknowledge,  and  followed 
up  the  same  by  a  list  of  errors  to  be  guarded  against  in 
very  accurate  canal-levelling,  and  their  corresponding 
remedies.  The  whole  was  published  in  the  Appendix 
to  the  author's  Curve-Book,  dated  Calcutta,  March  25, 
1870,  a  copy  of  which  was  forwarded  to  the  Library  of 
the  Institution  of  Civil  Engineers  in  London.  The 
matter  referred  to  is  here  reprinted  : — 

In  adding  this  to  the  Curve-Book,  it  is  necessary  to 
mention  that  it  is  from  no  love  of  intense  exactitude, 
nor  with  any  hope  that  it  can  be  obtained,  or  wish  that 
it  should  be  attempted  ;  but  it  is  important,  as  in  the 
case  of  angular  observations  and  their  errors  treated  in 
the  first  chapter,  that  all  sources  of  error  should  be 
known,  and  hence  also  the  means  of  avoiding  them  to 
a  certain  extent  understood  ;  and  that  a  guide  to  the 
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ordinary  limits  of  error,  both  in  angular  and  in  level- 
ling observations,  should  be  forthcoming  to  the  engi- 
neer or  the  surveyor,  whenever  he  thinks  fit  to  refer 
to  it. 

Neither  in  angular  observations  nor  in  levelling  does 
the  railway  engineer  or  even  the  canal-engineer  use  very 
exact  instruments  :  the  more  exact  instruments  of  both 
these  classes  are  the  altitude  and  azimuth  instrument  of 
the  astronomer,  and  large  theodolites  of  the  Great  Trigo- 
nometrical Surveyor,  and  the  levelling  instruments  and 
appliances  used  in  determining  heights  by  the  Great 
Trigonometrical  Survey  Department.  From  the  former 
the  principles  of  correction  for  angular  error  have  been 
taken  and  applied  to  the  surveying  engineer's  wants ; 
from  the  latter,  and  their  system,  we  can  judge  in  what 
respect  and  to  what  amount  the  ordinary  results  of 
levelling  of  the  engineer  are  deficient. 

General  sources  of  Error  thus  indicated. 

1st.  When  a  series  of  levelling  "operations  are  united 
in  a  circuit,  or  when  the  same  ground  is  levelled  by 
successive  parties,  the  lengths  of  the  staves  are  sometimes 
found  to  vary,  sometimes  as  much  as  "05  of  a  foot  in  a 
ID-foot  staff;  thus  eventually  causing  discrepancy  of 
height  The  discrepancies  of  height  thus  due  to  dif- 
ferences of  unit  should  be  corrected,  the  corrections 
being  made  proportional  to  the  height  actually  measured 
by  the  staves  whose  units  are  incorrect ;  such  dis- 
crepancies being  treated  distinct  from  those  due  to 
cumulative  or  accidental  error,  which  again  should  have 
their  corrections  distributed  over  each  station  of  the  line 
of  levels  in  proportion  to  its  distance  from  the  station 
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of  junction    with   the   absolutely   correct   or   accepted 
starting  level. 

2nd.  In  continuing  to  level,  along  a  long  line  that  is 
really  level,  the  further  end  constantly  appears  from  the 
observation  to  be  the  lower  end,  and  the  amount  of  this 
depression  appears  to  increase  with  the  distance,  the 
result  of  one's  work  showing  the  distant  point  to  be 
always  lower  than  it  actually  is.  The  difference  arising 
from  this  cause  is  never  considerable,  but  is  always  in 
the  same  direction,  and  in  the  same  series  of  operations 
.  is  greater  in  proportion  as  the  distance  levelled  is  greater. 
■The  causes  of  this  error  are  as  yet  unassignable,  as  they 
Ptake  place  in  an  instrument  shaded  from  the  sun.  and  on 
hard  ground  as  well  as  on  soft,  where  sinking  might 
take  place  in  the  interval  between  observation  of  the 
back  and  fore  staves.  There  are  probably  several  causes 
of  different  sorts  which  are  minute  and  variable,  and 
again  sometimes  accumulate  rather  than  cancel.  The 
only  way  to  eliminate  this  error  to  a  certain  extent  is  to 
level  the  whole  line"  twice  over  in  opposite  directions, 
and  accept  the  mean  of  both  results. 

The  following  amounts  of  error  due  to  this  cause  are 
recorded,  and  are  useful  to  show  in  what  distance  this 
error  is  serious  when  the  instruments  and  appliances  are 
of  a  very  perfect  description. 

In  Straight  Lines. 


— 1*07  Bristol  to  Portishead  by  Mr.  Bum,  C.E. 

— 1'94  Bridgewaler  to  Quanlocks' Head        do, 

—  7'6  Bridgewaler  lo  Portishead  do. 

—  4-11  Bridgewatet  to  tJxmouth  do. 
-19  NurtoKadar                                Indian  G.  T.  S. 
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In  Circuits  Round  Triangles  and  Quadrilaterals. 


Miles 

Inches 

Place 

By  whom 

2926 

+     06 

Mugo,  Bala,  Shahjamal. 

I.  G.  T.  S 

8006 

-    53 

Mugo,  Lodri,  Hujan. 

do 

8809 

+  78 

Mugo,  Fatti,  Hujan. 

do. 

8317 

-1-58 

Hazara,  Mugo,  Bala. 

do. 

31-64 

-  -40 

Shahjamil,  Mugo,  Fatti. 

do. 

36  88 

+  -71 

Jeto,  Hazara,  Gunia. 

do. 

8817 

-2-42 

Kadar,  Nar,  Jeto. 

do. 

88  99 

—  i-i6 

Kadar,  Nar,  KothiMi. 

do. 

46-40 

—  -07 

Nar,  Gunia,  Jeto,  Kadar. 

do. 

4712 

-  '97 

Jeto,  Bala,  Hazara,  Gunia. 

do. 

36*48  —  -56  Average  result  of  the  10  circuits.  do. 

It  IS  probable  that  the  greater  error  in  the  levels  by 
Mr.  Bunt  on  behalf  of  the  British  Association  were  due 
to  his  using  only  one  staff,  and  that  a  vane-staff. 

3rd.  The  dislevelling  effect  of  the  suris  action^  which 
tefids  to  raise  the  aid  of  the  telescope  towards  itself  and 
to  depress  the  opposite  end.  The  amount  of  this  was 
proved  by  the  surveyors  of  the  Indian  Great  Trigono- 
metrical Survey  by  adding  together  algebraically  the 
respective  level- corrections  of  each  instrument  for  a 
whole  season,  when  the  negative  corrections  were  found 
to  predominate  in  every  section  worked  from  south  to 
north,  and  the  positive  corrections  in  the  opposite  sec- 
tions. Their  amounts,  when  referred  to  a  common 
origin,  were  as  follows  at  the  end  of  310  miles : — 

No.  2  Leveh  Interchanged  betAveen       ji'Si  f^^t. 


No.  4      „ 


two  of  the  observers       \  i  60  feet. 


No.  3      „       used  by  the  same  observer  3*55  feet. 

All  three  instruments  were  always  carefully  shaded 
from  the  sun  by  large  umbrellas  while  set  up  for  obser- 
vation, and  by  blankets  over  their  boxes  while  being 
carried.     Being  all  of  the  same  pattern,  they  were  pro- 
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bably  equally  affected  by  the  sun's  raya  :  the  apparent 
excess  of  corrections  for  No.  3  level  being  due  to  the 
observer,  who  had  a  habit  of  not  relevelling  his  instru- 
ment during  observations  ;  his  results  therefore  give  the 
fairest  measure  of  the  sun's  in6uencc.  They  give  an 
average  dislevelment  of  092  second  of  arc  per  station, 
if  supposed  to  act  only  during  the  hottest  part  of  the 
day ;  this,  though  small  in  amount,  has  a  serious  cumu- 
lative effect 

This  is  now  cancelled  in  the  practice  of  the  G.  T.  S., 
at  least  as  far  as  possible,  by  watching  the  corrections, 
adding  them  tcgethcr  algebraically  as  the  work  pro- 
ceeds, and  tilting  the  instrument  by  its  foot-screws 
slightly  upwards  to  the  north  away  from  the  sun,  when- 
ever necessary  to  counteract  the  tendency  to  droop  in 
that  direction  ;  otherwise,  any  error  in  the  value  of  the 
run  of  the  level  would  affect  the  final  results  by  the 
same  fraction  of  the  accumulated  corrections  that  it  is 
of  the  run. 

In  ordinary  leveUing  operations,  the  action  of  the 
sun  is  more  liable  to  produce  error  than  in  those  of  the 
G.  T.  Survey,  where  the  bubble-reading  is  noted  and 
recorded  immediately  after  the  staff  has  been  observed  ; 
because,  in  ordinary  cases,  the  bubble  is  first  adjusted 
and  the  staves  read  afterwards,  leaving  an  interval  for 
the  sun  to  act  on  the  instrument :  the  amount  of  error 
resulting  will  depend  on  the  length  of  time  of  this 
interval,  and  with  the  direction  of  line  of  operations. 
Change  of  weather  and  time  would  probably  cancel  or 
affect  this  error,  but  there  are  no  means  of  entirely 
removing  it ;  and  no  method  of  working  in  a  circuit  or 
otherwise  would  indicate  the  amount  of  error.  As  long 
as  the  cause  remains  constant,  these  errors  re-enter  with- 
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out  attracting  notice  to  an  equal  extent  in  the  up  and 
down  lines ;  thus  the  opposite  extremes  of  a  circuit, 
which  closes  without  apparent  error,  may  be  yet  con- 
siderably erroneous. 

4th.  Atmospheric  influence. — Different  results  may  be 
obtained  from  levelling  at  different  times  of  the  day, 
especially  when  the  rays  of  light  graze  the  ground  in 
passing  from  the  staff  to  the  observer ;  this  occurs  in 
cloudless  weather,  when  the  sun  shines  brightly,  but 
never  in  the  cloudy.  The  following  result  of  expe- 
riments on  two  following  days,  Januar}-  10  and  11,  1859, 
at  Hatedara,  in  Sind,  by  surveyors  of  the  G.  T.  Survey, 
shows  a  tendency  to  a  diurnal  law  of  variation. 


Diflferences  from 

Differences  from 

^•ftl* 

mean  in  feet 

P.M. 

mean  in  feet 

9t%     JW» 

/»•         9W%» 

7  12 

+  0023 

6     6 

+  0055 

7  36 

+  0019 

4  46 

+  •0010 

8  86 

—  0002 

4  27 

I-  0006 

9     3 

—  •0022 

3     6 

-001 1 

10     4 

-0013 

1  49 

—  0027 

11    10 

-0033 

12  19 

—  0030 

Such  atmospheric  influences  would  tend  to  cancel 
each  other  in  a  long  line  of  operations,  excepting  under 
the  following  circumstances  : — First,  when  operations 
are  carried  on  more  before  than  after  noon,  they  are 
more  under  a  sinking  than  under  a  rising  refraction  ; 
hence  the  first  pair  of  staff- readings  will  have  a  tendency 
to  be  more  refracted  than  the  second,  thus  introducing 
cumulative  error,  unless  the  precaution  is  taken  to  alter- 
nate the  order  of  observations.  Secondly,  when  opera- 
tions are  carried  over  a  line  of  country  which  slopes 
uniformly  in  one  direction,  when  the  rays  of  light  from 
the  upper  staff  to  the  observer  are  usually  nearer  the 
ground  than  those  from  the  down  staff,  and  are  there- 
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fore  more  subject  to  extremes  of  refraction.  In  India 
there  are  fewer  working  hours  before  than  after  the 
ground  has  been  heated  by  the  sun  in  the  practice  of 
the  G.  T.  Survey  ;  consequently,  the  rays  from  the  up 
staff  must  have  an  excess  of  negative  refraction,  com- 
pared with  those  from  the  down  staff,  and  the  result  on 
an  ascent  would  be  to  make  it  too  smalt.  The  amount 
of  this  error  will  vary  with  the  season,  and  is  evidently 
beyond  control. 

With  regard  to  the  extremes  of  refraction,  the 
following  has  been  observed  by  tlie  G.  T.  S.  in  the 
plains  of  the  Punjab.  A  station  or  object  seen  from 
another  station  ten  miles  off,  appears  at  a  minimum 
height  between  i  P.\t.  and  3  P.M. ;  it  then  rises  gradually, 
and  afterwards  rapidly  as  the  sun  sinks  and  the  dew 
falls,  to  its  maximum  at  night ;  on  the  following  morn- 
ing this  occurs  in  the  reverse  order,  the  extreme  height 
through  which  it  appears  to  rise  and  fall  in  24  hours 
being  100  to  150  feet.  A  few  feet  of  difference  in  the 
absolute  height  of  the  observed  station  has  a  consider- 
able effect  on  these  phenomena,  which  vary  with  the 
heights  at  which  the  rays  from  the  object  pass  above  the 
ground  level,  also  with  the  atmospheric  moisture,  the 
soil,  and  the  heat  of  the  sun's  rays. 

The  following  experiment  was  also  made  : — A  pair 
of  signals  was  placed  loj  miles  off,  the  one  signal  being 
16^  feet  above  the  other  vertically,  and  truly  subtending 
a  vertical  angle  of  60  seconds  ;  during  different  times  of 
the  day,  the  subtenses  varied  as  follows : — 
at  Ih.  33111.  P.M.     74  seconds. 
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From  this  it  appears  that  it  is  absolutely  necessary  to 
take  vertical  angles  reciprocally  and  simultaneously  if 
possible,  and  that  they  should  be  taken  at  the  period  of 
minimum  refraction. 

5  th.  The  settlepnent  of  the  instrument  on  its  axis. — 
This  was  shown  to  the  observers  on  the  G.  T.  Survey  by 
examination  of  the  recorded  bubble-readings  of  opera- 
tions made,  which  indicated  that  the  index  error  of  the 
level  had  a  tendency  to  alter  always  in  the  same  direc- 
tion during  the  observations  at  each  station.  Thus  in 
one  instance  taken  at  random  out  of  many,  the  index 
error  in  the  second  pair  of  observations  at  forty-seven 
consecutive  stations  was  found,  when  compared  with  its 
value  for  the  first  year  of  observations,  to  have  decreased 
39  times,  increased  5  times,  and  remained  unchanged  3 
times,  the  algebraical  mean  decrease  being  i*2  seconds 
of  arc  This  indicates  a  constant  deviation  in  the  adjust- 
ment of  the  level  to  the  axis  of  rotation  during  the 
settlement  of  the  instrument  on  its  axis,  on  being  taken 
out  of  its  box  and  set  up  on  the  stand,  which  has  to  be 
done  at  every  station,  when  a  large  heavy  level  is 
employed.  It  is  of  no  importance  by  itself,  save  as 
indicating  that  a  similar  alteration  may  take  place 
simultaneously  in  the  adjustment  of  the  usual  axis  of 
the  telescope  to  the  level.  Were  the  forward  staff  to  be 
invariably  read  after  the  back  staff,  as  is  the  usual  cus- 
tom, the  error  mentioned,  i*2  second  per  station,  would 
amount  to  i^  feet  per  100  miles.  To  cancel  this,  there- 
fore, the  back  staff  and  the  fore  staff  should  be  alter- 
nately read  first  in  a  series  of  levels. 

6th.  Personal  errors, — Among  practised  observers, 
those  in  connection  with  the  manipulation  of  the  instru- 
ment are  mostly  not  great ;  those  in  connection  with  the 
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Staff-reading  are  again  likely  to  cancel  themselves, 
except  perhaps  in  working  in  a  meridional  direction, 
when,  one  staff  being  invariably  more  illuminated  than 
the  other,  these  errors  become  cumulative. 

The  most  probable  source  of  personal  error  is  in 
reading  the  bubble.  The  observer  generally  gets  a  side 
view  of  the  bubble  refracted  obliquely  through  the  thick- 
ness of  the  glass  tube,  which  is  not  so  clear  as  the  view 
from  above.  The  rim  round  the  bubble  caused  by  the 
adhesion  of  the  liquid  to  the  sides  of  the  tube  becomes 
so  prominent,  that  its  extremities  may  be  read,  instead 
of  the  actual  ends  of  the  bubble.  When  light  falls 
obliquely  on  the  instrument,  the  outer  edge  of  tiie  rim, 
towards  the  light,  is  more  clearly  defined  than  the  inner, 
while  at  the  opposite  end  of  the  bubble,  the  inner  edge 
of  the  rim  is  most  clearly  defined ;  hence  there  is  a 
tendency  to  bring  the  bubble  too  much  towards  the 
light,  and  to  give  the  readings  an  erroneous  bias  by  an 
amount  equal  to  half  the  breadth  of  the  rim.  which 
might  have  a  considerable  effect  on  a  long  line  of 
levels. 

7th.  General  remarks. — Generally,  to  prevent  bias  or 
accumulation  of  error,  changes  of  observers,  changes  of 
instrument,  change  of  weather,  change  in  the  putting  up 
of  the  instrument  at  each  station — at  one  time  putting  one 
side  foremost,  the  next  time  the  other — and  change  in 
the  manner  of  carrying  the  instrument  from  one  station 
to  another,  all  have  a  decided  effect. 

The  Instruments,  Appliances,  and  Methods  employed  by 
the  Great  Trigonometrical  Surveyors  in  Levelling. 
The  levels  were  standard  levels,  by  Messrs.  Troughton 
and  Simms,  of  20  or  21   inch  focal  length,  and  powers 
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averaging  42,  of  a  very  superior  description  ;  their  levels 
were  fitted  with  finely  graduated  scales  for  reading  the 
positions  of  the  ends  of  the  bubble,  which  had  always  to 
be  recorded.  The  run  of  the  level  was  determined  by  a 
series  of  observations  on  the  vertical  circle  of  a  large 
theodolite  or  astronomical  instrument :  from  the  mean 
values  run  tables,  or  subtense  tables,  showing  the  cor- 
rection to  the  level  of  a  station  for  different  degrees  of 
dislevelment  at  different  distances,  were  prepared,  and 
applied  to  every  observation  in  the  field.  The  value  of 
one  division  on  the  scale  of  the  instrument  being  known, 
as  for  instance  1709  seconds  of  an  arc,  the  following  was 
the  rule  for  correcting  dislevelment : — Consider  the  back 
end  level  readings  to  be  minus,  and  forward  end  to  be 
plus :  find  their  difference,  and  enter  it  with  sign  of 
whichever  is  greatest  Half  the  algebraic  sum  of  the 
differences  is  the  quantity  for  which  a  correction  is  to  be 
taken  from  Subtense  Tables ;  the  correction  to  have  the 
same  sign  as  the  half  sum. — There  was  therefore  no  need 
to  level  the  instrument  accurately  at  every  station,  and 
time  was  thus  saved  in  manipulation,  while  a  trained 
recorder  accompanied  the  surveyor  in  the  field  to  make 
the  necessary  computation. 

The  staves  were  10  feet  long,  and  were  occasionally 
compared  with  a  portable  lo-feet  iron  bar :  one  face  had 
its  divisions  marked  in  black  on  a  white  ground,  being 
marked  from  o  to  10  feet  tenths  and  hundredths ;  the 
other  side  had  a  black  face,  and  had  white  divisions 
marked  from  5*55  to  15-55  ;  the  difference  of  reading  on 
the  same  staff  being  always  555.  On  such  staves  there  is 
no  bias  to  repeat  an  error  of  reading.  The  staves  were  read 
to  the  third  place  of  decimals  of  a  foot ;  and  whenever  the 
difference  between  the  two  values  obtained  exceeded  006 
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of  a  foot,  after  the  correction  for  disleveltnent  had  been 
applied,  the  observation  was  repeated.  The  staves  were 
supplied  with  plummets  let  into  their  sides  and  visible 
through  glass  doors,  and  with  four  guy  ropes  attached 
to  a  swivel  at  the  top  in  order  to  keep  them  in  a  vertical 
position.  The  staves  were  always  placed  on  wooden  pegs, 
in  which  convex  brass  brads  are  driven,  allowing  the 
staff  to  rotate  freely,  and  serving  as  marks  for  the  second 
and  third  set  of  observers  to  work  on.  The  level  was 
protected  by  an  umbrella  when  placed  in  position  ;  and 
by  a  blanket  when  being  carried  in  a  dooly. 

To  eliminate  errors  of  adjustment,  effect  of  curvature 
and  of  constant  refraction,  the  instrument  was  invariably, 
even  in  hilly  ground,  placed  midway  between  the  staves, 
the  distances  varying  from  three  Gunter's  chains  on  bad 
ground  in  the  middle  of  a  hot  day,  to  ten  or  twelve 
Gunter's  chains  on  clear  mornings  or  evenings. 

On  levelling  a  long  line,  it  was  always  divided  into 
sections  of  about  five  miles,  adjacent  sections  being 
levelled  in  opposite  directions.  Forward  staves  were 
alternately  observed  first  or  last,  the  back  staves  being 
observed  first  at  stations  of  an  even  number,  and  vice 
versA.  An  error  of  -006  of  a  foot  required  the  observa- 
tions to  be  repeated.  A  day's  work  consisted  of  about 
six  hours  in  the  field,  and  was  made  to  close  on  some 
masonry  object,  or  on  two  firmly  planted  pegs  for  the 
last  two  stations  which  were  checked  on  recommencing 
work.  The  permanent  bench-mark's,  about  ten  miles 
apart,  were  blocks  of  masonry  flush  with  the  ground, 
and  hidden  with  earth,  three  mounds  being  erected 
around.  As  to  absolute  resulting  errors,  they  were  as 
follows : — 
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Miles       Feet. 

310  0*98  Maru  Pir  to  D.  Ghazikhan. 

301  0942  Maru  Pir  to  Karadie. 

360  001  Dera  Ghazikhan  to  near  Attok. 

440  0527  Mittankot  to  Ambala. 

Errors  in  ordinary  Levelling, 

The  six  sources  of  error  that  have  been  shown  to 
exist  by  the  levellers  of  the  Great  Trigonometrical  Sur- 
vey, must  also  exist  in  ordinary  levelling  as  practised  by 
engineers  and  their  assistants  In  addition  to  these, 
there  must  be  others  which  their  arrangements  occasion  ; 
among  which  are  the  following : — 

I.  Those  from  using  less  perfect  levelling  instruments. 
The  level  ordinarily  used  by  railway  engineers  is  a  14  or 
a  16-inch,  and  that  by  canal  engineers  an  1 8-inch  Gravatt 
level.  These,  from  being  lighter,  are  more  affected 
by  the  wind,  and  are  very  liable  to  damage  in  trans- 
port. An  ordinary  Gravatt  level  requires  its  permanent 
adjustments  examined,  and  if  necessary  corrected,  about 
once  a  week  during  ordinary  work,  as  well  as  immediately 
after  it  has  been  transported  in  any  rough  manner  at  any 
time.  These  adjustments,  and  their  tests,  have  been 
already  explained  at  page  147,  but  even  if  the  adjust- 
ments be  perfect,  the  imperfections  inherent  in  the  in- 
strument must  be  taken  into  consideration. 

In  using  the  telescope  near  its  extreme  power,  all 
error  due  to  slight  defects  in  the  lenses  will  be  increased, 
and  if  combined  with  very  slight  parallax,  become  serious. 
Any  looseness  of  attachment,  as  represented  by  a  turn 
of  a  screw,  has  greater  angular  effect  in  a  small  instru- 
ment and  causes  greater  error.  The  same  may  be  said 
as  regards  other  $uch  instrument-derangement     Also 
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many  such  Instruments  are  unprovided  with  screws  for 
directing  the  telescope  exactly  towards  the  midwidth  of 
the  staff,  and  this  may  also  conduce  to  error. 

II,  Those  resulting  front  the  staves,  their  patterns, 
length  and  graduation,  and  their  manipulation.  Level- 
staves  have  been  made  of  many  patterns,  some  of  which 
are  confusing,  and  cause  uncertainty  about  the  hun- 
dredths ;  the  pattern  adopted  by  the  author,  shown  in 
figure  20,  avoids  all  such  graduations,  while  a  wider  staff 
of  very  similar  pattern  gives  also  the  feet  at  every  fifth 
of  a  foot,  thus  avoiding  errors  of  feet.  Papered  staves 
may  be  very  incorrect  in  parts  from  the  stretching  of 
the  paper  during  its  application,  hence  painted  staves  are 
preferred  for  all  accurate  work. 

It  is  not  necessary  to  number  each  side  of  the  staff ; 
if  a  second  reading  is  wanted  as  a  check,  reverse  the 
staff,  and  read  it  so.  Telescopic  staves  are  very  liable 
to  slide  or  stick  ;  and  perhaps  simple  ten-foot  or  eight- 
foot  staves,  that  admit  of  being  joined  for  lengthening, 
are  best.  As  to  their  not  being  held  upright,  but  inclining 
laterally,  the  observer  can  see  that  while  standing  by  his 
instrument,  and  correct  it  by  motions  with  his  hand  ;  but 
as  to  its  inclining  backwards  or  forwards,  that  he  cannot 
see.  To  assist  the  man,  a  single  plumb-bob  should  hang 
down  the  back  of  the  staff  to  nearly  the  middle,  or  oppo- 
site the  man's  eye.  In  default  of  this,  he  should,  while 
being  observed,  swing  his  staff  slowly  a  little  both 
backwards  and  forwards  from  the  perpendicular,  so  as 
to  show  two  maxima  and  one  minimum  reading,  the 
latter  of  which  will  be  correct.  The  cumulative  error 
from  want  of  verticality  of  the  staves  may  be  immense, 
especially  when  the  staves  are  often  read  very  high  up. 

III.  Those  due  to  the  want  of  pegs  and  convex  brass 
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brads, — On  inclined  ground,  or  on  wet  or  rough  ground, 
when  the  staff-man  turns  round  the  fore- staff  at  a  chang- 
ing point,  he  may  sink  it  an  inch  or  two  ;  more  on  the 
slope  of  a  ditch.  A  leveller  cannot  watch  this  at  every 
step,  and  such  errors,  when  accumulated,  are  very  lai^e 
indeed.  Twelve-inch  pegs,  about  an  inch  in  diameter 
(in  India  of  bamboo),  are  very  convenient,  and  are  suffi- 
cient to  prevent  serious  error.  On  ground  where  pegs 
cannot  be  driven  in,  flat  pieces  of  tile  are  perhaps  better 
than  nothing,  though  small  convex  iron  discs  would  be 
better  still.  Without  some  such  appliances,  the  observer 
is  entirely  at  the  mercy  of  his  men  as  regards  errors 
due  both  to  lateral  and  vertical  movements,  from  careless- 
ness in  turning  the  staves. 

IV.  Persona!  errors, — This  class  of  errors,  before  de- 
scribed, has  more  effect  on  ordinary  than  on  more  perfect 
levelling.  There,  observers,  recorders,  and  staff-men 
are  all  well-trained  men,  employed  in  that  special  way 
continuously  ;  an  engineer,  again,  has  to  do  it  at  varying 
and  uncertain  times — sometimes  with  an  instrument 
strange  to  him,  and  often  with  strange  chainmen  that 
have  never  been  employed  as  such  before,  and  do  not 
think  it  worth  while  either  to  learn  their  work  or  to 
attend  scrupulously  to  what  is  ordered  :  under  which 
circumstances,  not  only  is  the  greater  part  of  the  time 
spent  in  watching  and  correcting  the  chainmen,  but  be- 
sides strictly  personal  errors,  mistakes  become  more  nu- 
merous. While  some  mistakes  may  be  due  to  careless- 
ness, or  to  over-rapidity,  most  are  certainly  due  to 
involuntary  inattention  caused  by  worry,  annoyances, 
accidental  occurrences,  and  interruptions ;  all  of  which 
are  more  frequent  in  ordinary  levelling  than  in  that  of 
the  I.  G.  T.  Survey. 
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Summary  of  sources  of  Error. 

1.  Unsteadiness  of  the  stand,  and  dislevelment  by 
wind  or  accidental  motion. 

2.  Looseness  of  any  attachment  of  the  instrument ; 
or  of  any  screw  not  firmly  set. 

3.  Settlement  of  the  stand  in  the  soil,  or  settlement 
of  any  part  of  the  instrument 

4.  Dislevelment  by  the  sun,  from  unequal  expansion 
during  reading  the  sight. 

I         5.  Want  of  instrumental  adjustment ; 
'  A.  Focus  error,  or  parallax. 

B.  Collimation  error. 

C.  Level  error. 

6.  Want  of  correction  for  curvature  of  the  earth. 
J.  Result  of  atmospheric  efl^ect  on  the  visual  ray  : 

A.  Refraction  under  the  varying  conditions. 

B.  Reflex  refractive  action. 

C.  Apparent  depression  of  the  distant  point. 

8.  In  connection  with  the  level-staves  : 

A.  Unequal,  or  unequally  graduated  staves. 

B.  Want  of  verticality. 

c.  Lateral  and    vertical    motion    at    changing 
points. 

9.  Inexactitude  of  datum  or  bench-mark  used. 
10.  Personal  errors: 

A.  In  instrumental  manipulation. 

B.  In  bubble-reading, 
c.  In  staff-reading, 

D.  From  visual  defect. 

£.  Simple  mistakes  from  misconception. 
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Corresponding  Remedies. 

1.  A  heavy  firm  stand,  permanently  attached  to  the 
lower  part  of  the  instrument. 

2.  A  well-made  instrument ;  a  thorough  knowledge 
of  it,  its  peculiarities  and  defects ;  care  in  removing  and 
transporting  it ;  repeated  careful  examination  from  time 
to  time. 

3.  To  invariably  examine  the  bubble  after  reading 
on  the  staff.  The  bridge-reflector  fails  to  be  of  much 
use  for  this  purpose,  as  the  length  of  the  bubble  is 
always  varying.  Piazzi  Smyth's  reflected  bubble  would 
guard  against  this. 

4.  Cover  up  the  instrument  when  not  in  use.  Set  up 
the  instrument  alternately  one  way  to  the  sun  and  the 
other. 

5.  Keep  all  in  good  adjustment.  Have  an  arrange- 
ment for  focussing  the  eye-lens  as  well  as  the  object- 
lens. 

6.  Allow  for  curvature. 

7.  Note  barometer  and  thermometer,  and  use  a 
refraction  table. 

8.  Use  plummets  ;  use  discs  or  tiles  ;  compare  staves 
thoroughly ;  and  employ  good  men  as  staff-holders. 

9.  Use  three  or  four  bench-marks  for  reference. 

10.  These  are  mostly  unavoidable,  although  some 
may  be  reduced  on  noticing  the  cause  of  error. 

General  Remarks, 

The  system  of  equidistant  sights  should  be  adhered 
to  as  much  as  possible  in  long  lines  of  levels :  it 
eliminates  errors  due  to  curvature  and  constant  refrac- 
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tion.  also  any  collimation  error,  and,  if  the  bubble  is 
brought  into  the  centre  of  the  run  at  each  sight,  the 
level  error  also.  The  error  due  to  the  earth's  curvature 
and  mean  refraction  is  almost  inappreciable  in  hundredths 
of  a  foot  in  sights  less  than  650  feet :  it  is  hence  better 
not  to  exceed  this  distance  in  ordinary  work.  See 
page  162. 

It  is  absolutely  necessary  always  to  attend  to  paral- 
lax,  that  is,  the  object  viewed  should  be  in  focus,  and 
not  appear  to  move  when  the  eye  is  moved  from  side  to 
side  ;  observations  should  also  be  always  made  with  the 
middle  of  the  horizontal  wire,  which  by  the  way  is  not 
always  exactly  horizontal.  It  is  not  strictly  necessary 
to  bring  the  bubble  to  the  centre  of  the  run  ;  instead  of 
this,  the  position  of  the  bubble-ends  may  be  read,  and 
the  correction  applied  from  a  small  subtense  table  made 
for  the  instrument  and  its  scale. 

As  measurements  are  sometimes  on  sloping  ground, 
a  small  table  for  reduction  of  distances  to  their  true 
horizontal  value  should  be  inserted  in  the  level-book. 
As  to  level-books,  their  patterns  are  endless:  the  colli- 
mation form  of  record,  explained  on  page  171  has  several 
advantages ;  the  results  are  so  placed  that  they  catch 
the  eye,  independently  of  the  side-work,  and  the  reduced 
levels  can  be  easily  kept  up  while  going  along  in  the 
field.  It  is  best  to  have  a  level-book  that  will  go  in  the 
pocket,  7"x4",  and  to  have  all  its  pages  divided  into 
little  squares  by  ruling  in  pencil  colour,  pale  grey  ;  if 
these  divisions  are  100  to  a  foot,  it  makes  it  useful  for 
sketches  to  scale  ;  it  also  serves  for  tabular  memoranda. 
These  squares,  any  number  of  which  can  be  marked  off" 
into  a  column-breadth,  allow  any  number  of  columns  to 
be  made  to  suit  any  form. 
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No  important  levelling  should  be  done  when  the 
wind  is  very  high,  nor  when  the  air  is  so  hot  that  the 
divisions  on  the  staves  seem  to  dance,  and  the  bubble  is 
so  short  that  its  motion  is  a  comparatively  useless  indi- 
cation ;  nor  in  very  severe  cold,  when  the  fingers  are 
stiff,  benumbed,  and  incapable.  A  waterproof  cloth 
should  always  be  at  hand  to  throw  over  the  level  in  case 
of  rain,  which  ruins  an  instrument ;  dust  should  be  daily 
wiped  off  gently  ;  screws  occasionally  washed  in  vinegar, 
well  dried,  and  wiped  with  a  clean  oiled  rag ;  staves 
should  be  wiped  dry  after  being  much  wetted,  laid  hori- 
zontally to  prevent  warping,  and  occasionally  compared 
with  a  standard  length.  Bench-marks  should  be  made 
at  distances  of  one  or  two  furlongs  on  permanent  objects  ; 
they  can  be  painted  (a  bottle  of  red  paint  and  a  brush 
is  easily  carried)  at  the  time,  and  chisel-marked  after- 
wards. Permanent  setting-out  pegs  should  be  two  feet 
long  and  two  inches  square,  distinct  from  survey  pegs, 
which  may  be  round.  On  recommencing  work,  always 
check  over  the  last  two  pegs.  Be  careful  that  the  pegs 
are  always  flush  with  the  ground,  especially  in  India, 
where  simple-minded  natives  will  cook  their  dinners  with 
the  marks  of  many  miles'  work,  if  they  can  find  them. 

As  to  the  amount  of  accuracy  with  which  levelling 
operations  can  be  done  with  an  Ordinary  set  of  instru- 
ments and  appliances,  and  with  ordinary  chainmen,  it  is 
impossible  to  speak  exactly ;  many  and  wild  accounts 
of  accurate  levelling  for  long  distances — 100  and  even 
200  miles  without  any  error,  or  next  to  none — have 
been  frequently  heard,  though  not  often  believed. 
Excessive  good  fortune  may  have  occasionally  produced 
such  things  in  connection  with  good  management,  but 

not  often  ;   nor  is  the  substantiation  of  this  point  so  im- 

o  2 
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portant  as  at  first  appears.  The  best  plan  is  to  determine 
beforehand  the  maximum  amount  of  error  that  will  not 
affect,  to  any  important  degree,  the  object  for  which  the 
levelling  is  done,  and  then  working  with  ordinary  care 
and  precaution  to  make  the  error  less  than  that  for 
certain.  Regularity  of  result  or  evenness  of  error  is 
perhaps  of  more  importance  than  being  occasionally 
wonderfully  correct  ;  this  is  generally  obtained  by 
steady  systematic  persons,  who  thoroughly  study  the 
particular  instrument  they  use  and  its  defects,  who  keep 
to  this  one  instrument,  and  one  set  of  appliances,  and 
have  a  set  of  chainmcn  whose  habits  are  known,  and  on 
whom  they  can  depend  as  far  as  small  matters  are 
concerned. 

As  to  the  amount  of  work  that  can  be  done  by  one 
observer  in  one  day.  This  is  a  point  over  which  endless 
difficulties  have  been  made,  and  which  will  never  be 
settled  ;  levelling  being  of  different  sorts  and  for  different 
purposes,  and  involving  generally  many  things  besides 
getting  over  the  ground  to  ascertain  the  level  of  a  single 
distant  point.  But  when  this  latter  is  the  sole  object,  a 
wonderful  speed  may  be  attained  by  an  observer  having 
instruments  and  appliances  that  he  has  often  used, 
having  excellent  chainmen  that  are  willing  to  run  hard 
all  day  with  the  staves,  etc.,  a  long  stretch  of  unbroken  flat 
ground,  and  a  powerful  telescope.  Results  obtained  this 
way  cannot,  however,  be  taken  as  a  basis  of  amount  for 
ordinary  work  ;  and  hurrying  observers  is  not  an  advi- 
sable proceeding  under  any  circumstances. 


PART  III. 

SETTING' OUT, 

Section  I.    Setting-out  on  the  Straight. 

Setting-OUT,  or  the  location  of  intended  works  or  of 
any  predetermined  points,  is  that  branch  of  geodetical 
operations  which  is  the  converse  of  surveying  and  level- 
ling in  their  exact  sense,  which  consists  in  discovering  the 
position  of  a  series  of  actually-existing  points,  and 
through  them  forming  a  correct  representation  of  exist- 
ing features.  Setting-out  points  as  regards  level  differs 
little  from  levelling,  as  it  is  so  much  dependent  on 
existing  points  that  the  operations  are  nearly  the  same 
in  each  case ;  the  principal  difference  being  that  the 
exact  points  levelled  must  be  marked  by  a  peg  or  other 
means  that  will  indicate  correctly  the  position  ;  this 
branch  of  the  subject  therefore  requires  but  little  further 
notice.  Setting-out  points,  as  regards  position  corre- 
sponding to  design  on  plan  demands  that  their  relative 
positions  shall  be  correctly  marked  on  the  ground.  The 
greater  portion  of  such  ranging  or  setting  out  of  engi- 
neering works  is  in  straight  lines,  of  long  extent  as 
centre-lines,  and  in  transverse  straight  lines  at  right 
angles  to  these ;  most  of  the  remainder  is  in  straight 
lines  at  various  angles  and  on  circular  curves  having 
various  radii. 

Setting -out  on  t/ie  straight, — The  setter-out,  being  in 
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all  cases  an  adept  at  the  use  of  surveying  instruments, 
and  competent  to  execute  surveys  and  make  trigono- 
metrical calculations,  requires  but  little  additional  ex- 
perience, thought,  and  care  to  execute  his  duties  in  this 
branch  ;  he  simply  applies  the  principles  with  which  he 
is  well  acquainted  in  the  most  ready  manner,  with  an 
amount  of  accuracy  well  suited  to  the  requirements  of 
the  circumstances ;  sometimes  the  operations  require 
little  or  no  reflection,  sometimes  what  is  called  usual 
practice — or  the  stereotyped  habits  of  others — may  be 
advantageously  followed  and  sometimes  advantageously 
improved  upon.  A  few  special  tables  for  various  pur- 
poses are  occasionally  useful ;  and  with  these,  his  instru- 
ments, and  a  few  chainmen,  the  surveyor  can  undertake 
the  duties  of  setting-out  works. 

Setting-out  short  distances  on  the  straight  can  be 
effected  by  simply  ranging  three  or  four  straight  poles 
in  the  straigtrt  line,  and  taking  the  necessary  measure- 
ments with  a  chain :  right  angles  may  be  set  out  with 
the  ordinary  cross-staff,  and  one  or  two  check  measure- 
ments used  to  verify  the  resulting  marks  or  pegs,  which 
should  be  firmly  driven  in.  The  date  of  setting-out 
detached  works,  bridges,  culverts,  &c.,  sJiould  be  invari- 
ably recorded  at  once,  as  there  is  a  weakness  among 
foremen  and  contractors'  agents  for  removing  such 
marks,  and  either  declaring  that  none  ever  existed  or 
eventually  making  fresh  ones  for  themselves  and  declar- 
ing them  to  be  the  original  marks :  the  former  plan  to 
justify  delay,  the  latter  to  absolve  themselves  from 
blunders.  Ranging  in  straight  lines  with  poles  may  be 
done  for  several  miles  by  very  exact  persons  with  hardly 
any  error  ;  but  the  attempt  is  hardly  to  be  recommended 
generally.     The  permanent  marking  of  extensive  works. 
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such  as  those  of  centre-lines  of  canals,  railways,  or  roads, 
is  generally  effected  with  a  theodolite ;  although  any 
good  telescope  with  wires  will  range  points  in  one  direc- 
tion, yet  for  ranging  both  ways  a  theodolite  is  required 
that  will  reverse  well,  and  a  transit  theodolite  is  gener- 
ally to  be  preferred,  as  the  correctness  of  ranging  would 
be  entirely  spoilt  by  a  slight  bend  at  the  point  of  obser- 
vation. When  a  Y  theodolite  is  used  for  such  purposes 
it  is  not  sufficient  to  trust  to  the  graduation  at  180°,  the 
telescope  should  be  taken  out  of  its  bearings  and 
reversed  in  them,  and  a  sight  taken  on  the  same  object 
by  way  of  test.  In  ranging  very  long  straight  lines, 
such  as  occasionally  occur  on  canals  or  railways  in  flat 
countries,  which  may  be  even  fifty  miles  in  length,  a  port- 
able transit-instrument  should  be  used  in  preference  to  a 
transit-theodolite  ;  the  ranging  of  very  distant  points 
should  always  be  done  with  it,  while  intermediate  or 
smaller  distances  can  be  ranged  with  the  theodolite. 
The  setting  up  of  the  transit-instrument,  and  its  correc- 
tions and  adjustments,  are  treated  in  the  chapter  on 
Astronomical  Observations  on  Route  Surveys. 

Obstacles,  such  as  pieces  of  marsh-land,  immense 
trees,  etc.,  sometimes  occur  in  lines  of  long  alignment, 
which  impede  the  vision  and  obstruct  measurement ; 
the  operations  and  devices  used  in  passing  such  obstacles 
are  very  similar  to  those  adopted  in  ordinary  chain 
survey. 

Poifits  of  given  level, — Sometimes  it  is  customary  to 
have  only  one  set  of  ranged  pegs  or  marks  both  for 
position  and  level,  the  level  points  being  marked  on 
these ;  but  in  many  cases  it  is  necessary  to  have  a 
second  set  of  pegs  to  denote  level.  Level-marks  are 
required  at  every  change  of  gradient,  at  crossings,  and 
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at  all  masonry  works  or  special  constructions ;  perma- 
nent bench-marks  should  be  set  at  about  every  quarter 
of  a  mile  over  extensive  works  ;  a  description  of  their 
positions  should  be  recorded  ;  and  no  eiror  of  more 
than  an  inch  or  two  per  mile  allowed  to  remain  perma- 
nently. 

T/if  permanent  stakes  used  on  centre  lines  of  works 
of  communication  are  generally  placed  at  distances  of 
lOO  feet  apart  throug;hDut  the  whole  line  from  the  com- 
mencement ;  in  towns  or  crowded  localities  they  are 
interpolated  by  pegs  at  every  50  feet  apart,  and  on 
sharp  curves  at  25  feet  apart.  On  some  works,  and  in 
most  English  rail  way- practice,  where  Guntcr's  chains 
and  furlongs  are  preferred,  the  distances  of  the  stakes 
are  taken  at  similar  convenient  distances  expressed  in 
those  units.  Such  stakes  are  of  uniform  pattern,  square 
in  section,  3  feet  long,  painted  and  capped  and  numbered. 
In  open  country  their  distances  apart  may  be  increased 
to  400  feet,  or  to  5  Gunter's  chains.  The  permanent 
level-stakes,  if  required,  should  be  round,  of  a  slightly 
different  length,  and  otherwise  painted  so  as  to  be  easily 
distinguished. 

When  the  land  is  tolerably  flat,  the  staking  and 
setting-out  on  the  straight  is  comparatively  simple  and 
rapid ;  but  on  embankments,  in  cuttings,  tunnels,  or 
places  where  there  is  water,  difficulties  present  tJicm 
selves.  The  true  position  of  a  stake  in  cutting  can  only 
be  arrived  at  wJien  the  cutting  is  completed,  and  any 
temporary  stake  would  be  liable  to  removal  as  the  work 
proceeds.  Hence  the  usual  mode  is  to  set  out  two 
lateral  marks  clear  of  the  cutting  on  each  side  of  the 
centre  line  and  at  right  angles  to  it;  the  point  in  a  cord 
strained  between  the  two  marks  can  then  be  plumbed 
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down  to  obtain  the  true  position  of  the  permanent 
stake  at  any  time  ;  while  as  regards  level,  if  any  two 
level-marks  set  to  the  proper  gradient  are  given  at  each 
end  of  the  cutting,  a  foreman  can  use  boning-staves 
on  them  to  obtain  the  level  at  any  required  point,  and 
thus  regulate  the  depth  of  excavation. 

For  high  embankments  lateral  points  are  set  out  in 
the  same  way,  being  marked  by  tall  poles  with  cross- 
pieces  nailed  to  them,  showing  the  intended  final  level ; 
the  permanent  stake  is  set  after  the  embankment  is 
finished  and  has  had  a  little  time  to  settle. 

In  setting-out  tunnels  the  centre  line  is  generally 
first  set-out  on  the  ground  surface ;  various  points  in  it 
are  afterwards  plumbed  down  through  the  shafts  to  the 
required  level,  and  the  centre  line  set  out  afresh  from 
the  points  below  ground.  As  the  shafts  are  rarely  more 
than  10  feet  in  diameter  this  operation  requires  extreme 
nicety.  The  method  adopted  on  the  Metropolitan 
Railway  was  as  follows.  At  each  shaft  the  above-ground 
centre  line  was  marked  with  great  precision  by  two  pegs 
each  25  feet  distant  from  the  centre  of  the  shaft ;  in  each 
peg  a  nail  or  eyelet  was  driven  and  sighted  in  with  a 
transit  theodolite ;  a  cord  strained  between  these  nails 
then  showed  the  exact  position  of  the  centre  line  over 
the  shaft  mouth.  Two  points  were  then  marked  on  the 
cord,  their  distance  apart  being  about  six  inches  less 
than  the  width  of  the  shaft,  and  these  two  points  were 
plumbed  down  to  the  bottom  of  the  shaft,  where  two 
corresponding  permanent  iron  marks  were  set ;  thus 
giving  the  direction  of  the  centre  line  below-ground. 
This  operation  was  repeated  several  times  to  eliminate 
errors  in  the  plumbing  down,  which  at  all  times,  and 
especially  in  windy  weather,  is  tedious  and  doubtful  in 
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result  The  unsteadiness  of  the  plummet  may  be  miti- 
gated by  hanging  it  in  water.  The  centre  line  is  after- 
wards extended  both  ways  in  the  tunnel  with  a  transit- 
theodolite.  Theodolites  having  hollow  trunnions  through 
which  a  light  may  be  thrown  on  the  cross-wires  are  very 
convenient  in  tunnel  work. 

Temporary  marks  for  tunnel  work  are  generally 
iron-staples  in  the  leading  and  following  frames,  which 
are  set  to  their  correct  position  with  the  theodohte  at 
each  shift  of  frame  ;  the  temporary  marks  in  the  advanced 
heading  are  made  on  the  timbers,  and  are  sighted  in 
the  same  way  with  the  help  of  candles.  Permanent 
marks  in  tunnels  are  generally  made  at  every  length  or 
portion  constructed  at  a  time ;  they  are  generally  iron 
spikes  driven  in  between  the  bricks  of  the  invert,  and 
sometimes  nails  driven  in  wooden  bricks  introduced  for 
this  purpose.  Permanent  level-marks  in  tunnels  are 
spikes  driven  at  the  level  of  the  skewback ;  there  should 
also  be  a  datum  staple  near  the  mouth  and  at  the 
bottom  of  each  shaft. 

At  the  adit  entrances  of  tunnels  the  proper  alignment 
for  working  is  obtained  by  sights  taken  in  the  reverse 
direction ;  should  a  deep  valley  intervene  and  prevent 
convenient  sighting,  some  mark  may  be  set  on  the  next 
rising  ground  or  hill  to  serve  the  purpose  of  getting  the 
direction  at  any  time. 

The  same  method  may  also  be  adopted  for  fixing 
points  over  deep  water,  such  as  the  extremities  or 
corners  of  a  Jetty ;  two  points  in  the  correct  alignment 
can  be  fixed  on  shore,  and  the  position  of  the  required 
point,  when  wanted  for  setting  up  staging  or  other  pur- 
poses, is  indicated  by  them,  and  also  if  need  be  by  a 
cross  alignment  given  by  two  other  points. 
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At  sites  of  bridges,  aqueducts,  and  such  works,  marks 
and  stakes  are  liable  to  frequent  removal  during  the 
progress  of  work  ;  lateral  marks  are  hence  planted  clear 
of  the  work  in  the  alignment  of  the  faces  of  abutments 
and  piers  or  at  any  convenient  distances,  so  that  the 
positions  of  the  corners  of  the  abutments  and  piers  may 
be  easily  obtained  from  them  at  any  time.  In  checking 
tiie  points  set  out  in  this  rectangular  mode,  the  diagonals 
may  be  measured  and  compared ;  a  hypothenuse-table 
is  sometimes  useful  for  these  purposes. 

Sidc-widtlis  of  roads,  railways^  and  canals, — These 
are  set  out  on  each  side  of  every  permanent  stake  at 
right  angles  to  the  centre-line.  Cross-sections  of  the 
ground  surface  having  been  previously  taken  at  these 
points  and  plotted  to  a  natural  scale,  the  central  heights 
or  depths  of  formation  level  are  marked  off  on  them, 
and  a  horizontal  line  drawn  to  represent  the  formation 
level  in  each  section.  A  cardboard  templet,  having  the 
proper  formation  breadth  and  side  slopes,  can  then  be 
applied  to  each  section,  and  the  earthwork  section  ruled 
in  accordingly  ;  the  side-widths  can  then  be  obtained  by 
scale  from  these  sections,  recorded  in  the  Working 
Section-Book,  and  set-out  on  the  ground. 

This  mode  is  sufficiently  accurate  for  most  purposes, 
but  if  it  be  preferred  to  calculate  the  side-widths,  it  may 
be  done  with  the  help  of  the  four  following  formulae  which 
include  all  cases  that  can  occur. 

Each  side-width  is  composed  of  the  half  of  the  for- 
mation breadth  added  to  an  extra  portion,  due  to  the 
slopes  of  the  ground  and  of  the  intended  side-slopes ;  the 
section  being  reversed  in  position  for  cuttings. 

Let  /:=the  central  height  or  depth  of  earthwork  at 
any  given  section  or  half-section, 
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-=the  half  breadth  at  formation, 

2 

fio  i=the  intended  side-slope. 
g  to  1  =the  natural  lateral  inclination  of  the  ground. 
Then  in  the  first  case  in  figure  25 

the  side-width  AB=-+fh. 

2 

In  this  case  the  ground  is  horizontal,    A  reversed  figure 

would  suit  the  corresponding  case  in  cutting. 


In  the  second  case  in  figure  25 

the  side-width=-+  ^^-Ik+  ' 

2  g-A     -A 
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In  this  case  the  ground  slopes  away  from  the  formation 
level.  A  reversed  figure  would  do  for  a  corresponding 
case  in  embankment. 

In  the  third  case  in  figure  25 

the  sidc-width  =  -  +  -^^//;-  ^  Y 
2    g-A       2g} 
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In  this  case  the  ground   slopes  towards  the  formation 
levels  as  it  recedes  from  the  centre  line.     A   reversed 
figure  would  do  for  a  corresponding  embankment. 
In  the  fourth  case  in  figure  25 

the  side-width  =  -+^/*--//Y 

In  this  case  the  ground  line  intersects  the  formation 
level  at  D,  and  ED=h.  The  reverse  of  this  figure 
would  be  a  corresponding  case,  more  in  embankment  and 
less  in  cutting. 

The  land-breadths,  which  include  the  side-widths 
and  additional  land  for  hedge  or  ditch,  are  marked  on 
the  plan  and  set  on  the  ground  accordii^ly  when  re- 
quired. The  area  of  land  taken  up  may  be  obtained 
from  the  plan  by  planimeter  measurement. 

The  Working  Section-Book. — In  former  practice  it  was 
customary  to  enter  in  the  Working  Section-ISook  a  mass 
of  information  and  data  which  is  now  more  often  entered 
on  folded  tracings  of  working  plans  and  sections  for  use 
in  the  field.  Thfc  information  now  given  in  Working 
Section- Books,  when  used,  is  limited  to  some  of  the 
data  mentioned  in  the  headings  of  the  following  form  ; 
six  of  these  columns  are  generally  on  one  leaf,  and  the 
seventh  on  the  opposite  leaf  of  the  book. 
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Setting-out  kiU'roads  and  mountain-passes. — Setting- 


2o6  SETTI.VG-OUT  part  iti. 

out  work  of  this  description  differs  from  the  ordinary 
setting-out  of  roads  and  railways  in  that  no  preconceived 
design  or  plan  ca'i  be  exactly  adhered  to  on  account  of 
the  difficulties  of  the  ground  ;  in  such  cases  the  survey- 
ing and  setting-out  proceed  nearly  simultaneously  with 
but  little  assistance  from  plans,  hence  the  elements  of 
design  enter  largely  into  work  of  this  sort  It  is  neces- 
sary first  to  go  over  the  ground  to  determine  the  binding- 
points  and  limits  of  deviation  within  which  the  road 
can  be  made,  the  saddle-backs,  bridge -sites,  and  alterna- 
tive routes  that  may  be  necessary  on  account  of  land- 
slips or  bad  ground ;  also  the  general  route,  whether  it 
may  best  be  carried  up  the  flank  of  one  or  more  large 
ravines,  or  up  and  around  a  spur  or  series  of  spurs  ;  in 
this  work  some  judgment  must  be  exercised.  These 
matters  having  been  roughly  determined,  the  setting-out 
can  proceed  at  once ;  the  portions  in  which  ordinary 
spirit-levelling  is  practicable  arc  set-out  in  the  usual 
manner,  but  the  steeper  portions  where  moving  a  heavy 
instrument  is  almost  impracticable  can  be  set-out  with 
the  reflecting  level.  The  application  of  this  instrument 
to  levelling  in  steep  country  has  been  explained  at  page 
174,  With  this  instrument,  a  level-  or  a  vane-staff,  a 
strong  so-feet  cord  or  chain,  plenty  of  pegs  and  one  or 
two  mallets,  the  pegging-out  of  50  feet  or  25  feet  dis- 
tances to  any  predetermined  incline  may  be  rapidly 
done  on  bare  ground  ;  but  if  the  land  is  particularly 
woody  and  difficult,  men  with  axes  and  billhooks  must 
be  employed  to  clear  the  way  as  the  work  proceeds. 
As  an  example  let  i  in  20  be  the  gradient  to  be  set-out ; 
this  gives  a  rise  or  fall  of  2^  feet  in  50,  and  if  the  support 
for  the  reflecting  level  be  5  feet,  the  reading  on  the  level 
staff  for  every  50  feet  should  be  j\  feet ;  if  a  vane-staff 


SECT.  I.  SETTING-OUT  ON  THE  STRAIGHT  207 

be  used  the  vane  should  be  set  to  this  height ;  then  with 
the  aid  of  the  50-feet  chain,  points  can  be  marked  or 
pegged  on  the  ground  which  will  follow  the  required 
gradient.  This  pegging  should  be  connected  by  cords 
by  a  laboring  party  immediately  following,  and  used  as  a 
centre  line  for  a  footpath  3  feet  wide  to  be  made  at  once 
for  the  convenience  of  men  and  animals,  as  well  as  for 
enabling  the  engineer  to  go  over  the  whole  of  this  work 
with  a  levelling  instrument  before  the  bridges  and  other 
works  are  commenced. 

On  hill-roads  the  calculation  and  setting-out  the  side- 
widths  is  roughly  done  on  the  principles  already  ex- 
plained, page  204.  The  final  breadth  of  formation  of  a 
hill-road  is  generally  12,  18,  21,  or  24  feet,  exclusive  of 
the  drain  on  the  inner  side  in  side  cutting. 

As  to  gradients,  i  in  20  is  the  steepest  ascent  for 
wheeled  vehicles  that  can  be  continued  for  many  miles 
without  causing  animals  extreme  fatigue,  it  is  also  the 
steepest  declivity  for  a  horse  to  canter  down  for  a  long 
distance ;  a  gradient  of  i  in  16  should  never  be  con- 
tinued in  exceptional  places  for  more  than  a  quarter  of 
a  mile,  nor  one  of  i  in  8  for  more  than  50  feet ;  this 
being  the  limiting  maximum  for  wheeled  vehicles  on  * 
roads  in  good  order. 

For  mountain-passes  or  paths  to  allow  of  the  passage 
of  beasts  of  burden  only,  the  gradient  generally  adopted 
is  I  in  10,  or  I  in  8,  and  the  maximum  continuous 
gradient  admissible  is  i  in  4,  although  i  in  3  is  sometimes 
used  for  a  very  short  length. 

In  work  of  this  class  extended  vertical  cliffs  often 
present  serious  impediment  to  carrying  on  the  path ;  if 
they  also  happen  to  be  so  hard  that  blasting  them  away 
to  the  required  width  becomes  too  expensive,  the  only 
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alternative  is  to  adopt  a  gallery  supported  on  iron  canti- 
levers sunk  in  the  cliff.  The  setting-out  in  sudi  work  is 
by  pegs  at  every  25  feet  in  the  mode  already  described 
for  hill-roads  ;  in  the  general  management  much  is  left 
to  the  discretion  and  skill  of  the  setter-out,  who  should 
be  conversant  with  the  subject,  as  well  as  capable  of  set- 
ting-out pegs. 

Section  2.    Determining  a  Curve. 

Before  proceeding  to  describe  practical  methods  of 
ranging  on  the  curve,  the  determination  of  the  curve  to 
be  adopted,  and  the  functions  and  formulae  employed 
by  the  setter-out  will  be  given  and  explained  by  very 
short  and  simple  operations. 

A  curve  being,  for  the  purposes  under  consideration, 
a  convenient  method  for  changing  the  direction  of  a 
route,  and  a  substitute  for  an  angle,  the  first  tiling  on 
which  it  will  depend  will  be  the  angle  formed  between 
the  two  directions,  or  angle  of  intersection  as  it  is  termed, 
as  the  curve  will  be  tangential  to  them  ;  the  .second,  the 
radius  of  the  curve,  rendering  it  sharper  or  flatter ;  these 
being  fixed,  the  curve  is  determined — and  if  shown  on 
a  plan,  the  two  quantities,  designated  by  the  symbols  a 
and  R,  are  noted  on  it  also  for  convenience  of  reference. 

The  former  of  these  two  is  the  result  of  the  previous 
determination  of  the  centre  line  of  the  route  with  regard 
to  general  intention  and  local  circumstances  ;  the  second 
is  only  approximately  so,  and  generally  admits  of  altera- 
tion within  certain  limits  :  it  should  generally  be  a  round 
number,  some  multiple  or  sub-multiple  of  a  hundred 
being  most  convenient,  as  Tables  are  constructed  to 
suit  such  numbers  in  faciUtating  or  saving  calculation. 
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From  these  two  all  remaining  functions  of  the  curve 
may  be  calculated  by  means  of  formulae  and  Trigono- 
metrical Tables  ;  those,  however,  that  are  more  practically 
of  use  may  be  easily  obtained  with  the  help  of  the 
attached  Tables  by  very  short  and  simple  operations ; 
while  the  two  pages  of  curve-formulae  at  the  end  of  this 
section,  explained  by  the  figure  attached  to  them,  include 
all  such  data  necessary  for  the  use  of  the  setter-out. 

In  determining  the  curve,  however,  after  obtaining 
the  angle  of  intersection  (a)  and  the  radius  (R\  the  two 
quantities  required  are  the  curve-tangent  (T\  which  is 
the  trigonometrical  tangent  of  half  the  angle,  and  the 
total  length  of  the  curve  (Z) ;  values  of  the  former  are 
given  in  a  Table  at  the  end  of  this  section,  and  values  of 
the  latter  in  another  table  following  it,  which  is  also 
specially  used  for  purposes  of  ranging. 

The  angle  of  intersection  of  the  tangents  is  generally 
observed  on  the  ground  with  a  theodolite,  and  noted 
on  the  plan  ;  in  the  absence  of  any  instrument  the 
angle  may  be  obtained  through  calculation  in  the  follow- 
ing way.  Let  BA  C  be  the  angle  of  intersection  whose 
value  is  required,  measure  any  two  equal  distances 
AB,  AC,  along  the  tangents  and  measure  also  BC, 

Then  since  BC^=BA^  +  AC^''2BA.AC cos  BAC 
djiABA  =AC 

.-.  BC^=2  AB^  (I'-cos  BAC) 

=4^^sin«^-^ 

2 

.    BAC      BC 

-''""-r^-^AB 

hence  the  half-angle  of  intersection  may  be  found  by 
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means  of  a  trigonometrical  table  of  sines,  and  by  doub- 
ling this,  the  whole  angle  {a)  BAC. 

Having  therefore  obtained  the  angle  of  intersection 
(a)  and  assumed  arbitrarily  a  radius  {R),  the  distances 
of  the  tangent  points,  or  beginning  and  ending  of  the 
curve  from  the  point  of  intersection,  must  be  obtained  : 
these  dbtances  are  called  the  curve-tangents,  and  are 
given  in  the  Table  of  curve-tangents  at  the  end  of  this 
section,  for  any  angle  of  intersection  and  for  a  radius 
of  looo:  for  any  other  radius  they  can  therefore  be  ob- 
tained by  simple  proportion. 

For  example,  ^H 

If  a=  102"  40'4  and  j?=6oo  feet ; 
for  rad.  1000  and  0=  102°  40'     7"=8oo-i96 
the  difference  for  i'  =  -2389, 
and  the  difference  for  4'  =       '0955 


.-.  for  rad.  icxxj,  0=  103°  4o''4  7'=8oO'29i 
and  for  radius  of  600 

7'=8oo-29i  X -^^=480-175  feet. 
1000 

It  is  advisable  not  only  to  mark  off  these  tangent- 
points  on  a  plan,  but  also  to  mark  them  permanently 
and  accurately  on  the  ground,  as  from  these  the  setling- 
out  or  ranging  the  curve  can  be  done  at  any  time  after- 
wards, either  with  or  without  an  instrument.  The  total 
length  of  curve  should  be  also  recorded  on  the  plan  : 
this  may  be  easily  obtained  by  means  of  the  Tabic  of 
curve-lengths. 

For  example. —  Let  the  angle  of  intersection 
0=  i28°4S''i,  and  the  radius=790  feet. 
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Then  the  angle  of  deflection  for  the  whole  curve  (7), 
or  tangential  angle  to  the  other  tangent  point,  will=^ 
(i8o"-i28°4S'-i)  =  25"3/-45. 

For  this  angle  we  get  from  the  Table  the  curve  for  a 
radius  locx), 

25°  872665 

37  21-526 

•45  -262 

25'37'-45  894453 

and  the  required  curve-length 

(Z)=«94-4S3x  790^^06.618  feet. 

^  1000 

In  this  way  the  four  necessary  quantities  a,  i?,  T,  Z, 
are  determined  and  recorded  independently  of  the  sub- 
sequent ranging  of  the  curve  on  the  ground. 

Systems  of  nomenclature, — The  practice  in  England 
formerly  was  to  designate  curves  by  their  radii  in 
Gunter*s  chains  of  (i6  feet  each  up  to  80  chains,  and 
beyond  that  in  miles  ;  this  system  retains  but  few  ad- 
vantages, the  Gunter's  chain  being  of  use  chiefly  to  the 
land  or  parish  surveyor  for  calculating  acreage  rapidly ; 
but  since  railways  have  been  constructed  to  a  very  great 
extent  with  such  radii,  and  branches  and  junctions  have 
to  be  made  into  such  lines,  the  old  system  cannot  very 
well  be  ignored,  and  the  tables  here  given  are  suited  to 
it  as  well  as  to  the  more  modern  way. 

At  present  the  system  in  vogue  in  England  is  to 
designate  curves  by  their  radii  expressed  in  hundreds  of 
feet,  or  chains  of  100  feet,  whatever  may  be  their  length, 
thus  avoiding  both  miles  and  Gunter's  chains.  As,  for 
instance,  a  curve  of  500  feet  radius,  or  one  of  \ooo  feet 
radius,  is  used  in  preference  to  an  8  or  16  chain-curve  ; 

P2 
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for  greater  radii,  instead  of  using  the  mile  of  5280  feet, 
the  round  numbers,  5000  feet,  or  6000  feet  would  be  pre- 
ferred. 

The  American  system  of  nomenclature  also  requires 
explanation.  It  is  one  of  great  convenience  in  one 
respect,  and  for  one  system  of  setting-out,  viz.,  that 
where  an  instrument  is  used,  as  it  assumes  for  its  basis 
of  nomenclature  the  centre  angle  subtended  by  a  chain 
of  a  hundred  feet ;  thus  naming  curves,  as  one-degree 
curves,  two-degree  curves,  threc-d^ree  curves,  etc.,  when 
the  centre  angle  subtended  by  a  hundred  feet  on  the 
curve  is  one  degree,  two,  or  three,  etc.  The  mistake 
adopted  in  this  system  consists  in  naming  the  centre 
angle  the  angle  of  deflection  ;  this  not  only  creates  con- 
fusion, but  is  obviously  incorrect.  It  is  most  evident 
that  the  true  angle  of  deflection  is  that  made  by  the 
chord  of  the  curve  with  its  last  or  previous  piece  of 
straight,  that  is  to  say,  the  angular  deviation  of  direction 
■  as  observed  by  a  person  walking  along  the  line;  and 
this  true  angle  of  deflection  or  angle  at  the  tangent 
point  is  exactly  a  half  the  centre  angle  subtended  by  the 
same  arc.  Again,  a  little  consideration  will  show  any 
one  that  it  is  quite  unnecessary  to  deal  with  centre 
angles  at  all ;  no  practical  system  of  setting-out  recom- 
mends one  to  proceed  to  the  centre  of  the  curve-circle. 

An  improved  angular  nomenclature  would  deal  only 
with  the  actual  angle  of  deflection  ;  the  curves  being 
named  one-degree,  two-degree,  etc.,  curves  in  accordance 
with  the  angle  subtended  at  the  tangent-point  by  an 
arc  of  100  feet.  The  following  small  Table  gives  the 
radii  in  feet  corresponding  to  curves  thus  named. 
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Table  giving  Angles  Dim  to  an  Arc  of  100  Feet  for 

VARIOUS  Curves. 


Angle  of  Deflection 

Radius 

Angle  of  Deflection 

Radius 

Minutes 

Feet 

Minutes 

Feet 

SO 

5730 

1°  27-6 

1980 

82-5 

5280 

1°  42-6 

1650 

86* 

4950 

2°0' 

14325 

87-6 

4620 

40* 

4290 

2°  7'-6 

1320 

2°  62*5 

990 

45- 

3960 

8«>0' 

955 

47-6 

3630 

4°0' 

716-25 

52-5 

3360 

4^"  22-5 

600 

67-6 

2970 

10  0' 

2865 

6*»0' 

573 

6°26- 

528 

1°  6' 

2640 

8^80- 

330 

1°  12'-6 

2310 

14°  6- 

198 

This  system  of  nomenclature,  though  preferable  to 
the  former,  will  doubtless  soon  become  obsolete,  as  it 
is  based  on  a  single  method  of  ranging  curves  now  not 
exclusively  adopted;  and  the  other  method  of  naming 
curves  according  to  their  radii  in  feet  seems  more  likely 
to  remain  in  vogue. 


Collection  of  Formulce  for  Curves, 

(These  angles  are  for  conciseness   in   degrees  and 
decimals.) 

Angle  of  intersection  of  tangents=a. 

Centre  angle  (/8)  =  1 80° — a. 

Angle  of  deflection  (7)  for  the  whole  curve = 90°— ^a. 


Angle  of  deflection  (8)  for  an  arc  (/)  =  28°'64789x 


PL 
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Angle  of  deflection  to  middle  point  of  curve=4S''— io. 

Length  of  curve-tangent,  T^R  tan.  7. 

Distance  of  the  middle  point  of  curve   from   point  of 


intersection,  D=R  sec  y— i. 
Chord  of  the  whole  curve, 

C=2R  sin  7=2  •/2V.R.-y*. 
Distance  from  middle  of  chord  to  middle  of  curve, 

V=.R  vers.  -i^R-  ''(«'-^')=8*'  ('PP™^)- 
Total  length  of  curve,  Z.='O349066x^y=/«. 

Number  of  equal  arcs  (/)  in  a  curve,  »=X 

The  length  of  any  arc  (/)  whose  chord  is  (c) 

/=^(8  X  chord  oi  ^1—c)oyc=1\  i— - — ^ijapproximately. 
L       24.  R  \ 

The  ordinate  (y)  for   any  abscissa  {x)  measured    from 

the  tangent-point  along  the  tangent  =  ^—  VR^—x'- 

A  normal  {d)  taken  at  any  point  in  a  curve,  when  (/)  is 

the  intercepted  distance  along  the  tangent, 

d=  ^'R^+J^-R. 

The  ordinate  { /)  for  any  abscissa  (x*)  measured  from  the 

middle  of  the  whole  chord  along  it 

y=  VR'-x'^-I^^n^ 
vers  7=  I  —  v' 


=  7=1  —  ^//"'-v€''s  in  7\ 


Offsets  from  the  production  of  a  Series  of  equal  chords. 
Rectangular  offset  =^  2y,  y  being  the  first   tangential 
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Oblique  offset =— when  taken,  at  a  distance  along  the 
produced  chord  equal  to  the  chord  itself  (^), 

Also  sin  S=^  :  and  the  radius  i2= — . 

c  2y 


Figure  26.    Symbols  used  in  Formulae  for  Curves. 
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SECT.  II.  DETERMlNIhTG  A   CURVE  aaj 

Table  op  Curve-Lengths  or  Arcs  corresponding  to  any 
Ancle  of  Deflection,  when  R  -  looo. 


Aic 

«t?^ 

Are 

(d^^,      A. 

(DegRo)       Are 

■OJ9 

SI 

12-217 

1 

34-907 

88 

1256-637 

^58 

38 

12799 

3 

69-813 

87 

1291544 

■087 

33 

.3381 

8 

104720 

as 

i3a6-450 

116 

34 

13963 

4 

139626 

89 

1361357 

■US 

as 

'4S44 

B 

174-533 

40 

.396-=»63 

■175 

sa 

15126 

8 

209440 

41 

I43«'i70 

■ao4 

37 

.5  7°8 

7 

244346 

4a 

1466077 

■233 

as 

16-290 

8 

279-253 

48 

1500^3 

■262 

30 

16-872 

9 

314-159 

44 

1535890 

■391 

80 

17-493 

10 

349066 

45 

1570-796 

■3» 

81 

18-035 
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383-972 

46 

1605-703 

■349 

89 

18-617 

13 

418-879 

47 

1640-610 

■378 

SS 

19-199 

18 

453-786 

48 

1675-516 

•407 

S4 

19780 

14 

488692 

49 

1710-423 
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20362 
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523-599 
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17453*9 
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20-944 
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558-505 
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21526 
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5934" 

SS 

1815-141 
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18 
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BS 

1850-049 
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89 
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19 

663225 
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1884-956 

40 
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■58* 
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J012-Z91 
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2IJ4-02I 
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2268928 
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29670 

81 

1082-104 
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2303-835 
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B2 
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1 1 17  on 
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2338741 

7-563 

69 

30-834 

83 

1151917 
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2373-647 
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3' 997 

86 

1221-731 
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34-324 
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SB 

■3"S 

25004 

80 

■4SOO 

30005 

as 

■6ia7 

35-007 

40 

■Sooj 

40010 

46 

10130 

45015 

0 

1-1505 

50021 

lis 

I5"37 

55«30 

60 

i-8oi8 

60-040 

66 

TI148 

65050 

70 

2'4S29 

70060 

78 

a-8i6s 

75075 

80 

3-2051 

80104 

85 

3C190 

85-114 

90 

4'058l 

90-114 

96 

4-5327 

95'44 

J 

50127 

100169 

105 

5-5277 

105-199 

110 

60677 

110-227 

U6 

6-6345 

1 15-260 

ISO 

7M61 

,10292 

135 

7-8432 

125324 

130 

8-4861 

130371 

lae 

9' '543 

135-416 

140 

9-8485 

140462 

146 

105696 

145-518 

II 1140 

i5f574 

155 

12085? 

155-645 

160 

1J-8S3. 

160-696 

165 

137060 

165753 

170 

I4-5S59 

170839 

178 

'5-4320 

175-910 

jao 

16-3333 

180-981 

186 

17-2614 

186-071 

190 

.8  2TS9 

191162 

195 

151969 

196-259 

ai-238i 
12-1986 

23-3860 

256412 

36-8093 

30-4770 
31-7541 
33-0589 
34-3915 
35-75 '4 
37  1396 
385570 
39'9999 
41-4725 
429734 
44-502  J 
46-0609 
47-6477 
492635 
S090.S4 
52-5825 
54'286i 

57-7818 
59-5747 
61-3973 
63'25o3 
65-1337 
670477 
68-9924 
70-9682 
729751 
750'34 
77-0836 
79-1851 
81-3186 
83-4848 


aii-573 
316683 
sai'Sii 
296941 
232-071 
237-109 
242358 
247-517 
252-675 
257843 

268-109 

371186 
27S  593 
283790 
2S9-M7 
294,'2J4 
299-450 
304-696 
309-941 
3'5-i97 
320-452 
325-727 
331-012 
336-296 
341-600 
346-923 
352-237 
357-570 
361-912 
368-264 
373626 
379008 
384-389 
389-790 
395-210 
400-631 
406070 
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Table  of  Ordinates  for  Equidistant  Points  on  the 
Tangent  {continued).  R  ~  looa 


85-6833 
879145 
901787 
914760 
948065 
971711 
995697 

104-4694 

106-9714 
1095085 
iwoSio 
1146894 
"7-3336 
IZO-0142 
1227315 
115-4859 
1 38  2776 
i3t-io7i 
133-5745 
136-8807 
139-8256 
i42'8o99 
145-8337 
1488987 

1551479 

1583349 

164-8354 
168-1496 
171-5075 
1 74909 « 
178-3554 
181-8446 
1 85-3835 
1889667 
191-5967 


416979 
422-447 
427-945 

433443 
438-960 
444  493 
4S0'O33 
455*599 
46M74 
466-769 
472373 
477'997 
483631 
489285 
494956 
SOO-647 
506-359 
512090 
517-836 
S23'599 
529-378 
535-186 
541-004 
546-85 1 
552717 
558-593 
564-507 
570-432 
576-389 
582-358 
588-360 
594362 
600-432 
606507 
612-562 
618729 
624876 
631043 
637-^58 
643-949 


2037745 
207-5986 
111-4729 
2153982 
219-3752 
223-4049 
227-4878 
231-6252 
135817s 
240-0658 
244-3715 
248-7344 
253-1567 
257-6390 

266-7879 
271-4569 
276- [907 
1809903 
285-8572 
2907918 
295-7983 
300-8755 
3060260 
31125" 
3165528 
3219329 
3273931 
332-9355 
3385622 
344-2752 
350-0769 
355-9697 
361-9561 


374-2205 
380-5043 
3868932 
393-3906 


649767 
656-060 
662-382 
668-741 
675131 
681-551 
688-009 
694-496 
701-031 
707586 


734-212 
740-960 
7''7'7S7 
754603 
761-492 
768-420 
77S'40i 
78242  < 
789-500 
769617 
803-802 
811-035 
818317 
825-667 
83306s 
840531 
848065 
855-654 
S63298- 
871-036 
878-829 
886715 
894-665 
902-694 
910-810 
919023 
937293 
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Table  of  Ordinates  for  Equidistant  Points  on  the 
Tangent  (amcluiirti).    It-ioca. 


H 


BOS 

4067250 

935 '671 

SOS 

574-5884 

1131-38" 

810 

413-5701 

944- 1 55 

eio 

S8539I8 

1I43-J8S 

815 

410  539i 

952-727 

BIS 

596-5462 

"55-505 

B90 

417-6365 

961  4M 

920 

60S0SI6 

1 168-061 

836 

434-S664 

970-201 

ess 

620-0329 

"B1035 

830 

442-3367 

979-108 

830 

6314405 

1194-406 

83K 

4497501 

988-128 

936 

645-3523 

1108-258 

840 

457'4i36 

997-281 

940 

658825s 

1222632 

84S 

46S'2336 

1006-570 

946 

672-9397 

1:137-594 

0 

473'2'73 

iois-985 

960 

687-7501 

1253234 

86S 

481-3710 

1025-546 

068 

703-3943 

126  -659 

BOO 

489-7060 

1035-271 

980 

7J0- 

1286^996 

866 

498  m8i 

1045-142 

sae 

7377501 

'305438 

870 

50694SJ 

loss- "97 

»70 

7568951 

1325-229 

87B 

5158771 

1065436 

876 

777-7952 

1346-715 

880 

5250263 

io7;-86o 

980 

8o.-<«25 

1370462 

885 

534-4089 

ioS<r4S7 

985 

8274457 

1397369 

890 

5440394 

'097-344 

B90 

S58  9317 

142S713 

896 

5539339 

1108420 

eas 

900-1251 

1470  750 

0 

564- M  01 

1119-765 

1000 

1000- 

1570796 

Section  3.    The  Various  Systems  of  EANcmc 
Curves. 

The  curves  usually  adopted  for  centre  lines  of  rail- 
ways and  canals  are  circular,  and  it  is  for  these  only  that 
the  foregoing  data  for  determining  a  curve  are  applic- 
able. Other  curves  that  have  been  occasionally  used  are 
the  parabola,  Gravatt's  and  Froude's  curves,  and  the 
compound  circular  curve  of  the  author ;  but  these  will 
be  noticed  in  a  subsequent  section. 

Ranging  a  cur\-e  or  a  centre  line  simply  consists  in 
setting  out  a  number  of  pegs  along  the  proposed  curved 
centre  line  of  the  works;  sometimes  they  are  placed  at 


SECT.  III.     VARIOUS  SYSTEMS  OF  RANGING  CURVES       227 

the  same  intervals  as  the  permanent  stakes,  which  may 
be  50,  66,  100  or  200  feet ;  but  this  is  comparatively 
of  little  use,  if  the  pegs  on  each  curve  are  started  from 
each  tangent  point,  as  the  permanent  stakes  will  after- 
wards require  setting  out  throughout  the  line,  and  no 
saving  of  labor  is  effected ;  it  is  hence  equally  usual  to 
range  the  curve  with  pegs  at  any  convenient  intervals, 
and  to  set-out  the  permanent  stakes  afterwards  by 
measurement  on  the  alignment  thus  obtained. 

The  following  are  practical  methods  of  ranging  simple 
circular  curves  of  centre  lines  on  canals,  railways,  and 
main  roads. 

1.  With  one  theodolite  and  a  chain. 

2.  With   two  theodolites   and   observers,  without  a 
chain. 

3.  Krohnke's  tangential  system,  giving  equidistant 
points  on  the  curve. 

4.  Baker's  parabolic  system. 

5.  The  author's  first  polygonal  system,  or  six-point 
system,  giving  unequal  intervals  on  the  curve. 

6.  The  author's  equidistant  six-point  system,  giving 
equal  intervals  on  the  curve. 

7.  The  single  chord  system. 

These  methods  will  here  be  described  separately, 
illustrated  by  figures,  and  accompanied  by  small  tables 
to  facilitate  their  application  in  the  field. 

I  St.   The  one-theodolite  and  chain  system. 

The  method  of  ranging  a  curve  most  usually  adopted 
in  setting-out  with  one  theodolite  is  the  following  : 

Having  obtained  the  necessary  preliminary  data,  set 

Q2 
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a  theodolite  over  one  of  the  tangent  points,  obtain  from 
the  following  table  (on  p.  230)  the  angle  of  deflection  cor 


Figure  27.    Thr  One-tiieodoutk  Si-stem. 


responding  to  an  arc  or  chord  of  50  feet  to  the  adopted 
radius,  and  set  it  off  from  the  tangent,  fix  or  hold  one 
end  of  a  so-feet  measure,  whether  chain  or  metallic  tape, 

to  the  tangent  point,  and  keeping  it  stretched,  cause  it 
to  be  moved  around  that  point  as  a  centre  until  the 
other  end  falls  in  the  direction  set  off  by  the  instru- 
ment, mark  that  end,  thus  obtaining  one  point  in  the 
curve.  Keeping  the  instrument  at  the  tangent  point, 
set  off  successively  the  double,  treble,  etc.,  of  the  angle 
originally  obtained,  by  continually  adding  its  value  to 
the  last  amount,  and  cause  measurements  of  50  feet  to 
be  made  from  the  last  point  set-out  in  each  case  so  as 
to  fall  in  the  corresponding  directions  set-out :  the  in- 
tersections, or  points,  may  be  often  set-out  in  this  way 
throughout  the  whole  of  the  curve,  without  moving  the 
instrument.  On  arriving  at  the  direction  of  the  other 
tangent  point,  the  total  angle  of  deflection  should  be 
observed,  and  its  value  compared  with  half  the  supple- 
ment of  the  angle  of  intersection  originally  obtained  ; 
thus  affording  a  check  on  the  work. 

As   the   total    length    of  curve   is   rarely  an   exact 
multiple  of  50,  there  is  generally  a  short  piece  remaining 
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after  setting  out  a  number  of  these'  points,  between  the 
last  point  and  the  tangent  point.  To  verify  this,  observe 
the  angle  of  deflection  subtended  by  this  piece ;  also  mea- 
sure the  piece,  multiply  its  value  by  1000,  and  divide  it 
by  the  radius  used,  and  obtain,  corresponding  to  this 
result,  the  subtended  angle  given  in  the  table  on  p.  232  ; 
these  values  should  be  nearly  equal. 

In  case  obstacles  should  prevent  all  the  points  from 
being  set-out  from  the  one  tangent  point,  move  the  in- 
strument to  the  last  point  set-out,  having  the  last  angle 
clamped  on  its  upper  plate ;  sight  with  this  on  the 
original  tangent  point,  and  set  off  the  angle,  thus  obtain- 
ing a  new  tangential  direction  from  the  production  of 
which  angles  can  be  set  off  for  more  points  as  at  the 
commencement. 

In  the  accompanying  figure  (27),  the  instrument 
is  supposed  to  be  placed  at  Ay  the  angles  BAp^,  BAp^y 
BAp^y  being  set  off  from  the  tangent  BA  with  the  dis- 
tances or  chords,  Ap^ ;  p^p^ ;  /^A  J  measured  in  the 
manner  descriljed.  An  obstacle  prevents  the  point  p^ 
from  being  seen  from  A  ;  the  instrument  is  then  moved 
to  /g  having  the  angle  Bap^  clamped  on  it,  the  lower 
circle  being  moveable,  with  which  sighting  Ay  the  angle 
Ap^C  is  set  off,  thus  obtaining  the  direction  of  a  new 
tangent  Cp^E :  from  which  the  angles  Ep^p^ ;  Ep^p^ ; 
etc.,  Ep^D  \  are  laid  off  in  the  same  way  as  the 
others. 

This  method  of  setting-out  assumes  that  the  chord 
of  an  arc  is  equal  to  the  arc  itself,  and  hence  the  check 
before-mentioned  will  never  be  exactly  right,  although 
sufficiently  so  for  many  practical  purposes.  The  error  for 
50-feet  arcs  when  the  radius  is  greater  than  500  feet  and 
less  than  2000  feet,  may  be  neglected — when  the  radius 
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is  less  than  500  feet,  25-feet  arcs  may  be  set-out  with 
greater  correctness :  when  the  radius  is  greater  than 
2CXW  feet,  loo-feet  arcs  may  be  considered  equal  to 
their  chords.  In  obtaining  angles  of  deflection  from 
the  tables  under  these  latter  circumstances,  it  is  useful 
to  remember  that  when  bath  the  arc  and  the  radius 
are  doubled  or  halved,  the  angle  is  doubled  or  halved 
also. 

It  is  exceedingly  rare  that  greater  exactness  is  re- 
quired than  the  foregoing  method  admits  of:  but  in 
such  cases,  the  value  of  the  chord  corresponding  to  the 
arc  of  50  should  be  calculated  and  used  instead  of  a 
50-feet  chord  ;  for  this  purpose  Rankine's  approximate 
formula  (see  p.  214)  may  be  sufficiently  precise. 

Table  of  Angles  of  Deflection  Subtended  bv  usual 
Chords  for  various  Radel 


2600 

«,i 

2760 

31-^5 

3000 

3260 

2644 

3600 

nss 

3760 

2292 

4000 

4260 

20-26 

4600 

19-10 

4760 

1809 

5000 

6280 

16 18 

R=^iu> 

A,.gk>  for                  1 

Arc  of  St/ 

A«of6^ 

g 

4     20-44 

5°   4377 

71 

2      5342 

3    49-18 

10 

2      1082 

2     5189 

12* 

1      44-17 

I     1751 

15 

1       26  »1 

'     5459 

20 

1         511 

I     25-94 

25 

5287 

I       S75 

4340 

57-29 

36 

3720 

49-11 

40 

32-55 

42-97 

46 

28-94 

38-19 

60 

26  04 

34-38 

56 

2368 

31*25 

eo 

21 -70 

2865 

66 

20-0( 

26-44 

70 

i860 

24-55 

76 

17  3^ 

2292 

80 

1628 

21-49 
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2nd.   The  two-theodolite  system. 

Setting-out  a  curve  with  two-theodolites  is,  when  cir- 
cumstances permit  of  it,  by  far  the  most  rapid  method 
of  ranging. 


Figure  28.    The  two-Theodolite  System. 

The  two  operators  set  their  instruments  on  the  two 
tangent  points,  the  one  setting  oflf  from  the  one  tangent 
any  convenient  angles,  and  their  multiples  (round  num- 
bers are  generally  chosen),  the  .other  simultaneously 
setting-out  angles  made  with  the  other  tangent  equal  to 
the  differences  between  those  angles  and  the  total  angle 
of  deflection  for  the  whole  curve,  mentioned  as  (7)  in 
the  formulae  ;  the  intersections  of  all  such  corresponding 
pairs  of  directions  are  points  in  the  curve. 

The  small  angles  should  be  so  chosen  with  the  help  of 
the  following  table  as  to  subtend  arcs,  either  less  than 
50  or  100,  according  to  the  distances  required  for  points 
along  the  curve.  To  check  these  points,  an  instrument 
is  set  up  at  each  one  of  them,  and  if  the  angle  contained 
by  the  directions  of  the  two  tangent  points  amounts 
exactly  to  the  supplement  of  the  angle  of  deflection,  viz. 
1 80°— 7,  that  point  is  correct. 

For  example — (refer  to  figure  28). 

Let  7?  =  2000  feet  and  7=30*"  (BAD)  it  is  required 
to  set-out  points  not  more  than  50  feet  apart. 
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The   angle   corresponding  to   this  arc  will  be  that 
gil'en  for  a  radius  of  lOoo  in  the  Table  for  an  arc  of 
SOXJOOO  „         f„, 

2000 

Thus  for  3o  feet ....  34''38 
And  for  5  feet ....  8-59 
Hence  for  25  feet ....     43'-97 

consequently  40'  subtending  less  than  50  feet  will  be  the 
largest  convenient  angle  in  round  numbers. 

The  one  operator  will  then  set  off  an  angle  BAp^  = 
40'  simultaneously  with  the  other  setting  off  an  angle 
of  30°— 4o'=2g''2o',  viz.,  BDp^  from  his  tangent:  the 
intersection  of  these  two  directions  is  in  one  point  in  the 
curve,/,;  then  the  first  operator  will  set  off  the  angle 
BAp^=  1°  20'  while  the  other  sets  off  the  angle  BDp^= 
2S''4o';  the  one  adding  and  the  other  subtracting  40' 
each  time  until  all  the  points  are  ranged  in. 

To  check  the  work  they  would  then  go  to  each  of 
the  points /i/j/j  etc.,  thus  set  out,  and  see  that  each  of 
the  angles  Ap^D,  ApJ),  Ap^D,  etc.,  were  equal  to 
180°— 7=150°. 

The  following  table,  constructed  for  a  radius  of  lOOO, 
may  be  used  for  obtaining  either  the  angle  subtended  at 
the  tangent-point  by  any  arc  or  length  of  curve:  for  the 
converse  purpose  the  table  of  curve-lengths  and  arcs  on 
p.  223  will  give  the  arc  subtended  by  a  given  angle,  for 
any  radius  whatever ;  as  illustrated  in  the  example 
already  given. 
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Table  of  Angles  of  Deflection  subtended  by  any 
Length  of  Arc  when  7?  =1000. 


Are 


Angle 


•005 

•01 

•01 

•02 

•02 

•03 

•03 

•05 

•04 

•07 

•06 

•09 

•06 

•10 

•07 

•12 

•08 

•14 

•09 

•16 

•1 

•17 

•2 

•34 

•3 

•52 

•4 

•69 

•5 

•86 

•6 

103 

•7 

I  20 

•8 

1-38 

•9 

1-55 

1 

172 

2 

3-45 

3 

516 

4 

6-88 

5 

859 

6 

1031 

7 

1203 

8 

1375 

9 

15-47 

Arc 


Angle 


10 

I 

0     / 
719 

20 

3438 

80 

5 

1-57 

40 

I 

876 

50 

I 

2577 

60 

I 

4313 

70 

2 

032 

80 

2 

17-51 

00 

2 

3469 

100 

2 

5189 

200 

5 

4377 

800 

8 

3566 

400 

II 

2755 

•500 

14 

19-44 

600 

17 

11-32 

700 

20 

321 

800 

22 

5510 

000 

25 

4699 

1000 

28 

3887 

2000 

57 

1775 

8000 

85 

5662 

4000 

104 

3550 

5000 

H3 

14-40 

6000 

171 

5324 

» 
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3rd.  Kro/inke's  tangential  system. 

Krohnke's  system  consists  in  setting-out  equidistant 
points  on  the  curve  by  ordinates  from  the  two  tangents. 

In  doing  this  the  tangent  points  B,  C  (figure  29),  are 
taken  as  the  origins  of  rectangular  co-ordinates,  the 
abscissa  being  taken  along  the  tangents  and  measured 
from  them  as  Be,  Be^,  Be^  Be,,  and  Q;  Cg^,  Cg^,  Cg^ 
etc.,  the  ordinates  at  right  angles  to  them  as  e/,  f,,/, 
'i/v  ^^'^■'  £^f  .f/'i.  ^/'i.  etc. ;  thus  giving  number  of 
points  /  /,,  /j.  etc.,  //,,  A,,  etc,  ;  the  values  of  ordinates 
and  abscissa  corresponding  to  equidistant  points  on  the 
curve  may  be  obtained  from  the  following  Table.  When 
the  two  last  points  set-out  on  either  branch  as_/)  and  >i„ 
are  sufficiently  near  each  other,  the  curve  is  set-out ;  and 


if  for  any  special  reason  the  middle  point  of  the  curve  Af 
is  wanted,  it  may  be  obtained  sufficiently  closely  by 
bisecting  the  distance  between  the  two  last  points. 
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This  setting-out  may  be  checked  by  comparing  the 
calculated  total  length  of  curve  which  may  be  obtained 
from  the  preceding  Table  of  curve-lengths,  as  due  to  the 
angle  of  deflection,  or  (which  ought  to  have  been  pre- 
viously found  and  registered  on  the  plan)  with  the  sum 
of  the  distances  between  the  equidistant  points,  together 
with  the  small  additional  pieces  f^M,  h  M  which  must 
be  measured  on  the  ground. 

Thus,  if  L  length  of  curve=S237,  and  five  points 
have  been  set-out  on  either  branch  at  distances  of  50' 
apart,  then  5237  — 500=  237,  which  ought  to  be  the  sum 
of  the  additional  pieces  measured  on  the  ground ;  and 
f^M^h^M  should  =  1 1*85  feet.  When  the  radius  is  large 
and  the  angle  of  intersection  small,  the  ordinates  near 
the  middle  point  of  the  curve  become  inconveniently 
long,  and  if  not  laid  off  at  very  accurate  right  angles 
with  the  abscissa,  great  error  will  result.  As  for  instance 
with  a  radius  of  5000  feet  and  a  central  angle  of  loo^  the 
last  ordinates  will  be  about  1000  feet  long,  and  the  serious 
error  from  a  defective  right  angle  may  be  imagined. 

To  avoid  these  inconveniences  it  is  necessary  to  make 
use  of  an  additional  tangent  at  the  middle  point  of  the 
curve,  making  this  a  new  origin  for  rectangular  co-ordi- 
nate, and  measuring  abscissa  both  ways  from  it,  the 
ordinates  will  be  smaller — thus  each  branch  of  the  curve 
will  be  treated  as  the  whole  curve  was  in  the  first  in- 
stance. In  this  case  the  tangent  QMP  must  be  set-out 
very  accurately,  the  distances  BQ  and  CP  must  each  = 

R  tan  ^  and  M  should  be  at  the  middle  of  QP  \  as  a 

4 
further  check  on  the  position  of  the  point  My  it  may  be 

set-out  by  means  of  abscissa  and  ordinate  BI^  IM  from 

the  original  tangent,  where 
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BI=R  sin  ?,  and  IM-. 


=  /e(-cosf). 


L 


y9  being  the  centre  angle  or  supplement  of  the  angle  of 
intersection  (a) ;  this  being  done,  M  should  fall  in  the 
line  QP.  Should  it  happen  to  be  more  convenient,  BK 
and  KM  may  be  measured  instead  of  BI  and  IM,  the 
distances  being  identical. 

The  table  herewith  given  is  confined  to  a  radius  of 
looo ;  and  from  this  ordinates  and  abscissae  for  equi- 
distant points  on  curves  having  other  radii  may  be  cal- 
culated by  either  multiplying  or  dividing  the  whole  of 
the  three  corresponding  quantities — curve,  abscissa,  and 
ordinate— by  the  ratio  that  the  given  radius  bears  to 
looo.  In  the  author's  Curve  Book,  published  in  1869, 
such  results  were  given  for  sixteen  values  of  radius,  and 
occupied  fifteen  pages  of  tabular  matter,  which  were 
seldom  used,  and  are  hence  not  here  reproduced.  In 
Krohnke's  work  a  comparatively  large  table,  consi.sting 
of  47  pages,  and  containing  a  great  deal  of  repetition  of 
figure,  is  given  to  enable  one  to  set-out  curves  on  this 
system. 

There  is  a  great  disadvantage  in  this  system,  that  of 
requiring  a  bisection  of  the  curve,  and  sometimes  even 
many  bisections,  when  the  offsets  from  the  tangent  be- 
come long ;  and  this  necessitates  the  use  of  an  anjjular 
instrument.  The  presumed  advantage  of  this  system, 
viz.,  that  of  setting-out  points  for  permanent  stakes  that 
are  exactly  50  feet  or  100  feet  apart  on  the  curve  itself 
is  unreal ;  for  as  they  happen  to  commence  from  the 
tangent  point  of  one  curve,  they  would  not  suit  that 
purpose  on  other  curves  further  on,  and  hence  the  inten- 
tion fails. 
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ORDINATES  and  ABSCISS'S   FOR   EQUIDISTANT  POINTS  ON  A 

CURVE,  TO  A  Radius  of  iooo. 


K\^^ 

Ordioile 

Curve 

AWba. 

Ordintue 

9.9999 

-0500 

400 

389-4180 

78-9390 

.99986 

■2000 

410 

3986092 

82-8792 

J99954 

■4500 

420 

4077606 

S6-9IIO 

399894 

■8000 

480 

4168710 

91-0340 

499791 

1-2498 

440 

415-9396 

952482 

599640 

1-7994 

460 

434-9656 

9955*8 

69-9430 

24488 

400 

443-9482 

1039474 

79-9148 

3-1980 

470 

45*8864 

1084316 

898786 

4-0470 

4S0 

461-7792 

113-0050 

998334 

49958 

480 

4706138 

117-6672 

1097782 

60440 

600 

479-4*54 

121-4176 

I197122 

71916 

610 

488-177* 

127-2556 

129-634* 

8438* 

630 

4968802 

132-1808 

139-543* 

97840 

B80 

505-5334 

137-1928 

149-4381 

11-2288 

640 

514-1360 

1422912 

159-3182 

12-7726 

6B0 

522-6872 

147-4754 

1691824 

14-415* 

660 

531-1862 

152-7448 

1790296 

16 1564 

670 

5396320 

.58-0990 

188-8588 

179960 

680 

5480238 

.63-5374 

1 986692 

199336 

6M 

5563608 

1690594 

208-4598 

219690 

eoo 

5646422 

1746644 

218-2194 

24-1022 

eio 

572-8672 

.80-35*0 

227  9774 

*6-3332 

620 

581  0350 

186-1216 

237  7024 

18-6618 

630 

589  1448 

19197*6 

2474038 

31-0876 

640 

597-1956 

1979044 

2570806 

33-6.02 

660 

605-1866 

103-9.64 

266-7316 

36-2294 

660 

6131170 

2100080 

276-3558 

389448 

670 

6209S60 

116.786 

2859522 

41-7562 

680 

628  7930 

122-4174 

295-5200 

44-6634 

690 

636  5370 

228-7540 

305-0584 

47-6662 

700 

644-2174 

2351578 

3145664 

507644 

710 

651-8336 

1416380 

324-0430 

539576 

730 

6593848 

248- 1941 

333-487* 

57*454 

780 

666-8696 

1548256 

3428980 

606374 

740 

6742878 

2615314 

352*744 

64-1034 

760 

6816386 

1683.10 

3616154 

67  6726 

7«0 

688-9214 

2751638 

370-9202 

713356 

770 

696.35* 

182089a 

380-1880 

750908 

7B0 

703  1796 

1890864 

^^^H 

^^■^1 

^H 

^^^^^^^1 

^^^^^^^^1 

f    . 
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Curve 

AbKilH 

Cuivi 

7B0 

7J03S34 

196-1546 

sao 

79S-6008 

394 '798 

800 

717-3561 

3032932 

990 

801-6200 

402-1660 

aio 

7i4>2872 

3105016 

940 

8o7'SS8a 

4102120 

1                          BSO 

73'-i458 

317-798& 

950 

8134154 

418-3170 

L                          830 

7379314 

3=S-'»4a 

960 

819-1916 

426-4802 

1                    HO 

744^3* 

3325370 

070 

815  8S58 

4357006 

1                       S50 

7512804 

340-0166 

9B0 

830-4974 

44*  9774 

1               seo 

757  84J6 

347'S6» 

990 

8360260 

4513100 

r                         870 

*  764*3290 

354' "73' 

1000 

841  4710 

4596971 

880 

770  7390 

3628486 

1010 

846-8318 

468  139J 

890 

777  0720 

370  5878 

lOSO 

852-1080 

4766340 

■ BOO 

7B3-327J 

378-390O 

1030 

857-2988 

4851812 

^^^1              910 

7895040 

386-^54^ 

1040 

8624040 

4937798 

^P 

Baker's  parabolic  sys 

tern. 

Baker's  Svstem. 


This  method  was  formerly  much  used  from  its  pos- 
sessing the  advantages  of  requiring  few  figures  for  use 
in  the  field.  The  abscissse  are  equal  and  are  measured 
along  the  tangent  from  one  tangent  point ;  at  the  end 
of  the  first  chain,  whether  of  €i^  or  of  100  feet,  an  ordi- 
nate (j)  is  set  out  at  right  angles  to  the  tangent  to 
obtain  one  point  on  the  curve.  The  first  ordinate  {y)  is 
calculated  for  any  abscissa  {x)  and  any  radius  R  by  the 
formula 
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(These  values  corresponding  to  a  radius  of  1000  have 
been  given  in  the  table  of  ordinates  at  the  end  of  the 
last  section  at  pp.  223,  225,  and  values  of  y  or  first  ordi- 
nates  are  given  in  the  following  table  for  various  radii, 
and  certain  usual  and  convenient  values  of  x  the  first 
abscissa.)  Then  the  ordinates  to  be  set-out  successively 
have  the  following  values  : 

At  the  end  of  the  ist  chain,  ordinate  =^ 


»              »> 

2nd 

» 

=  2^x^=4^ 

»              « 

3rd 

#» 

=  3«x^=5ty 

etc. 

etc. 

etc. 

»              n 

^th 

n 

=«^. 

It  must  be  evident  to  everyone  that  such  an  equation 
could  not  be  true  for  a  circular  curve,  being  parabolic ; 
we  must  not,  however,  entirely  throw  aside  such  a  con- 
venient method,  but  notice  between  what  limits  we  may 
safely  use  it  for  circular  curves. 

A  parabola  may,  for  many  practical  purposes,  6e 
considered  to  approximate  to  a  circular  curve  when 
the  versine  is  not  more  than  one-eighth  of  the  chord. 
These  circumstances  in  practice  rarely  occur  on  sharp 
curves  of  roads,  railways,  or  canals,  but  frequently  on  flat 
curves  of  large  radius;  and  we  may  hence  consider  2000 
feet  as  generally  a  safe  minimum  limit  for  the  radius,  as 
it  is  comparatively  rare  that  a  curve  of  so  large  a  radius 
goes  round  a  large  portion  of  its  circle. 

Under  the  above-mentioned  limits,  therefore,  the 
parabola,  or  the  tangential  system  of  Baker,  may  be 
safely  adopted,  and  treated  as  a  circular  curve  ;  beyond 
these  limits  if  a  parabolic  curve  be  preferred  to  a  circu- 
lar one,  as  is  often  the  case  on  the  French  railways,  it 
becomes  necessary  to  calculate  the  radius  of  curvature 
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at  many  points  throughout  it,  both  for  the  camber  and 
elevation  of  the  rail,  and  this  involves  additional  work. 

This  system  seems  at  first  sight  to  be  exceedii^Iy 
convenient ;  the  radius  and  the  length  of  chain  being 
determined,  the  length  of  the  first  ordinate  is  all  that  is 
absolutely  required,  and  the  rest  can  be  worked  out  in 
a  moment,  during  the  setting-out.  But  in  practice  the 
ordinatcs  become  long,  after  the  first  few,  and  then 
the  slightest  inaccuracy  in  setting-out  the  right  angle 
of  the  ordinate  vitiates  extremely  the  position  of  the 
point  on  the  curve  ;  hence  a  new  tangent  must  be  set-out 
and  a  theodolite  must  be  brought  to  bear  on  the  work. 
This  system,  therefore,  cannot  be  considered  practically 
superior  to  that  of  Krohnke,  as  it  possesses  the  same 
defect ;  while  its  advantage  of  requiring  but  few  figures 
for  use  is  counterbalanced  by  the  disadvantage  that  the 
curve  it  sets  out  is  parabolic,  and  hence  is  only  an  ap- 
proximation to  a  circular  curve  suitable  to  special  limited 
circumstances. 


7J 

0067 

0 

0-050 

2i 

0040 

6 

0033 

io 

002s 

Table   of   first   Ordinates,    at  the    Extremetv    of   two 
Chains  measured  on  the  Tangent,  for  various  Radii, 
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Table  of  first  Ordinates,  at  the  Extremity  of  50  Feet, 

measured  on  the  tangent. 


Radius 

Ordinate 

Radius 

Ordinate 

Radius 

Ordinate 

in  feet 

in  feet 

in  feet 

in  feet 

in  feet 

in  feet 

600 

2505 

1000 

1-250 

1500 

0833 

600 

2086 

1100 

I  136 

1600 

0780 

700 

1788 

1200 

1041 

1700 

0734 

800 

1-564 

1300 

0-962 

1800 

0-700 

800 

1-389 

1400 

0893 

1000 

0-658 

Table  of  first  Ordinates,  at  the  Extremity  of  100  Feet, 

measured  on  the  tangent. 


Radius 

Ordinate 

Radius 

Ordinate 

Radius 

Ordinate 

in  feet 

in  feet 

in  feet 

in  feet 

in  feet 

in  feet 

2000 

2*501 

3250 

1-536 

4600 

I-II2 

2260 

2223 

3600 

1-419 

4750 

I  052 

2600 

2005 

3750 

1-333 

6000 

I  000 

2760 

I -8 1 8 

4000 

1*250 

5280 

0947 

3000 

1*667 

4260 

1-178 

5  th.  The  ant /tor's  first  polygonal  system. 
The  radii  of  all  the  curves  throughout  the  line  being 
previously  determined,  and  the  tangent  points  fixed,  the 
setting-out  of  the  curve  commences  from  one  tangent 
point.  Measure  from  this  point  along  the  tangent  six 
equal  distances,  whether  chains  or  fifty-feet  distances, 
according  as  the  radius  used  is  in  chains  or  feet,  and  from 
these  six  points  set  off  at  right  angles  to  the  tangent 
the  distances  corresponding  to  them  given  in  the  table, 
or  copied  from  it  on  a  slip  of  paper;  the  points  thus 
obtained  will  be  six  points  on  the  curve. 

It  now  becomes  necessary  to  get  a  new  tangent  to 
the  curve  touching  at  the  sixth  point :  then  from  this 
new  tangent  six  more  points  may  be  set-out  with  the 
same  numbers  in  exactly  the  same  way :  and  this 
operation  may  be  repeated  until  the  whole  of  the  curve 
is  set-out. 
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In  order  to  get  the  direction  of  the  new  tangent  on- 
wards from  the  sixth  point,  measure  from  the  third  point 
in  the  direction  of  the  fourth  the  small  extra  distance  ED^ 
given  in  the  tabular  data :  thus  obtaining  a  point  on  the 
curve  exactly  half-way  between  the  starting  and  the 
sixth  point,  or  in  other  words,  the  middle  point  of  that 
portion  of  curve.  From  this  point  measure  the  normal 
distance  DF^  also  given,  in  such  a  way  that  the  other  end 
of  it  may  fall  in  the  original  tangent.  The  point  in  the 
tangent  thus  obtained  gives  a  direction,  taken  through 
the  sixth  point  on  the  curve  onwards,  which  is  that  of 
the  new  tangent. 

This  operation  may  be  repeated  for  every  new 
tangent,  and  will  be  found  to  be  practically  correct,  the 
theoretical  error  caused  by  measuring  the  small  extra 
distance  ED  as  a  chord  instead  of  on  the  curve  being 
insignificant  in  practice. 

The  check  given  in  the  table  is  the  distance  CM  from 
the  sixth  point  on  the  curve  to  a  point  on  the  original 
tangent,  and  is  measured  in  the  same  way  as  the  quantity 
DF,  The  point  thus  obtained  gives  a  direction,  taken 
through  the  twelfth  point  on  the  curve  onwards,  which 
is  the  direction  of  the  third  tangent  used.  And  this  will 
be  found  a  useful  check  on  the  direction  of  this  tangent, 
obtained  by  means  of  thesecond  tangent  in  the  mariner 
previously  described. 

The  tabular  quantity  (curve),  gives  the  exact  length 
of  curve  set  out  for  every  six  points. 

The  few  numbers  required  for  setting-out  a  curve  to 

any  one  radius  may  be  copied  on  a  slip  of  paper  from 

the  table,  and  after  a  little  use,  may  even  be  borne  in 

mind  without  that  aid. 

The  first  portion  of  the  table  will   be   found  most 
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applicable  for  radii  in  Gunter's  chains,  up  to  a  mile  or 
80  chains :  the  intervals  when  the  radius  is  more  than 
40  chains,  being  double  or  2  chain  distances:  the  latter 
part  again  is  more  suitable  for  radii  in  hundreds  of  feet 
up  to  53S0  feet  or  i  mile,  and  for  intervals  of  50  or  200 
feet :  but  the  numbers  given  have  a  sufficiently  wide 
range  for  setting-out  a  curve,  either  with  inches,  yards, 
mitres,  or  any^  unit  whatever. 

For  Example, 

In   setting  out  a  curve  to  the  radius   900   feet  by 
P^bfTsets  from  six  points,  taken  50  feet  apart  on  successive 
tangents. 

The  tabular  quantities  are 

50  I '39  ft-el 


1 
\ 


250 

35.13 

300 

5 '-47 

Enlra  ;  distance  from  third  pni 

nl  to  middle 

point  of  the  piece  of  ci 

rve    . 

2-21 

Nonnal  ;  distance  from  (his  1 
Check     .... 

langent    . 

13 '5 
5459 
305SS 

Curve  sel-oul  up  to  sixth  poin 

Referring  to  figure  31,  the  points  marked  i,  3,  3,  4. 
5,  and  6,  arc  the  equidistant  points  50  feet  apart  on  the 
tangent,  as  given  in  the  set  above,  in  distances  from  A, 
viz.,  50,  100,  150,  200,  250,  300;  from  these  points  the 
rcctaiigiilar  offsets  given  in  the  slip  as  i'39,  5'57,  12'59, 
etc.,  are  .set  off,  giving  as  points  on  the  curve  tlie  points 
marked  I.,  IT.,  III.,  IV.,  V.,  VI. 

Now  to  obtain  a  new  tangent  at  the  point  VI.,  first 
measure  from  point  III.  towards  point  IV.  the  short  dis- 
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tance  ^Z?,  given  on  the  slip  just  quoted  as  -^=2*22fect, 
and  thus  fix  the  point  D.  Now  put  the  handle  of  the  chain 
or  tape  on  the  peg  at  Z?,  and  taking  the  distance  DF— 
1 3' 1 5  feet  on  the  chain,  let  it  rotate  freely  and  range 
this  length  so  that  F  may  fall  exactly  in  the  tangential 
line  AM ;  this  can  be  easily  done  by  an  observer  standing 
at  6,  the  sixth  point  on  the  tangent  and  looking  in  the 
direction  of  A,  The  point  F  being  thus  obtained  the 
direction  FCGH  through  VI.,  the  sixth  point  on  the 
curve,  is  the  new  tangent  required. 

From  the  new  tangent  six  more  points  can  be  set- 
out  with  the  same  foregoing  figures,  and  after  that  a  third 
tangent  may  be  obtained  in  the  same  way  as  the  last ; 
and  so  on  to  the  end  of  the  curve.  Each  time  that  six 
points  are  set-out  the  length  of  curve  set-out  by  them 
amounts  to  305*85  feet,  and  the  distances  ADy  DCy  CL 
are  each  152*92  feet.  CM  or  IN  is  the  quantity  given 
as  the  check  normal  =  54*59  feet;  it  is,  when  required, 
laid  off  from  C  ox  J  va  the  same  way  that  the  normal 
DF  was  laid  off  from  D  ;  the  extremity  M  being  in  the 
tangential  direction  is  marked  by  a  pole ;  on  arrival  at 
y  it  will  be  found  that  the  points  G  and  M  are  in  exactly 
the  same  direction,  if  the  curve  has  been  carefully  set- 
out,  and  this  affords  a  useful  check  on  the  work. 

The  table  and  the  figure  are  made  to  suit  a  six- 
point  system,  but  the  same  principle  might  be  applied 
to  four,  eight,  or  any  even  number  of  points,  not  requir- 
ing long  offsets.  The  advantage  of  this  system  is  that 
angular  instruments  are  entirely  dispensed  with,  a  cross- 
Head  staff  being  sufficient  for  all  alignment  and  setting- 
out  the  right  angles ;  the  method  is  so  simple  that  after 
explaining  it  once  or  twice  in  practice,  good  chainmen 
can  do  it  by  themselves 
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6th.   The  author^ s  equidistant  six-point  system,  giving 

equidistant  points  on  the  curve. 
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This  method  slightly  resembles  the  last,  hence  care 
must  be  taken  not  to  confound  them  in  practice.  In 
two  respects  it  is  preferable,  that  the  points  on  the  curve 
obtained  on  this  system  are  equidistant,  and  are  hence 
more  easily  verified,  and  that  the  new  tangents  are  more 
easily  and  rapidly  set  out ;  but  in  another  respect  it  is 
less  convenient,  the  abscissae  used  are  not  round  num- 
bers, and  hence  are  less  rapidly  set  out. 

The  preliminary  data  of  the  curve  being  previously 
determined,  the  setting-out  commences  from  one  tangent 
point. 

Produce  this  tangent,  and  along  it  measure  and  fix 
the  points  in  it  (due  to  the  proper  radius)  obtained  from 
the  following  Table,  as  abscissae,  six  in  number,  and 
from  them  set  off  at  right  angles  to  the  tangent  the  cor- 
responding ordinates  there  given.  The  ends  of  these 
ordinates  are  the  first  six  points  on  the  curve. 

To  obtain  a  new  tangent  at  the  sixth  point : — Measure 
from  the  third  point  on  the  curve  the  normal  distance 
given  in  the  Table  in  such  a  way  that  its  extremity  shall 
fall  in  the  original  tangent ;  the  direction  from  this  ex- 
tremity through  the  sixth  point  produced  onwards  is  a 
new  tangent.  From  this  sixth  point  and  from  this  new 
tangent  set-out  six  more  points  with  the  same  numbers 
and  in  the  same  way  as  before  :  and  continue  setting-out 
in  this  very  simple  manner  fresh  tangents  and  more  sets 
of  six  points  until  the  final  tangent  point  is  reached. 
These  points  being  equidistant,  the  calculated  total 
length  of  curve  gives  a  check  on  the  length  of  curve 
thus  set-out. 

If  required,  three  points  may  be  checked  backwards 
from  each  of  these  subsidiary  tangent  points  from  the 
new  tangent:  and  if   all  the  points  are  found  correct 
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when  set  off  from  two  tangents,  the  work   is  correct  to 
all  purposes. 

For  example.  Let  it  be  required  to  range  a  curve  to 
a  radius  of  900  feet ;  the  necessary  data  from  the  table 
following  are  as  follows  for  50-feet  distances  along  the 
curve  ;— 


L 


48-OT 

1-39 

m-TB 

555 

M9'SI 

"47 

1M4B 

83  13 

s«e-BO 

3450 

aM-«8 

4954 

Nomml 

»t  3rd  point  12  65. 

Checkt 

ormal  at  6ih  poini  5 

2-42 

Referring  to  the  figure,  the  points  marked  I.,  II., 
III.,  IV.,  v.,  VI.,  are  the  points  set-out  on  the  tangent  or 
the  abscissas  in  distances  from  A  given  in  tJic  set  just 
quoted  ;  from  these  points  the  rectangular  offsets,  given 
as  ordinates  in  the  same  set,  are  set-out,  giving  points  in 
the  curve  marked  i,  2,  3,  4,  5,  6,  which  are  50  feet  apart. 
At  the  third  point,  marked  3  or  D,  which  is  150  feet 
from  A  the  normal  DC,  given  as  1 2'65  feet,  is  set-out  from 
D,  so  that  the  point  C  falls  in  the  line  AB,  the  original 
tangent  ;  the  direction  CE7F  is  tlicn  a  new  tangent. 
Recommencing  at  li  si.x  more  points  are  set-out  in  the 
same  way  as  before  witJi  the  same  set  of  figures  ;  and  a 
new  tangent  JKL  obtained  in  the  former  manner.  To 
check  the  work,  measure  from  E,  the  normal  E!>  =  i2'i\2 
feet,  so  that  B  may  fall  in  the  Wn^AB;  then  if  the 
curve  has  been  well  set-out,  the  points  J  and  B  will  ap- 
pear in  exactly  the  same  direction  when  viewed  from  A". 

Although  this  method  requires  more  figures  than  the 
former  polygonal    system,  it   is  more  accurate  on   long 
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curves,  and  more  convenient  in  other  respects.  It  will 
be  observed  on  examining  the  following  table  that  often 
the  normal  and  the  ordinate  at  the  third  point  are  prac- 
tically equal ;  in  such  cases  it  becomes  unnecessary  to  set- 
out  any  normal  at  the  third  point,  as  the  third  point  on 
the  tangent  answers  all  purposes  for  sighting  in  a  new 
tangent.  This  simplifies  the  work  considerably;  but 
the  figures  for  the  normal  at  the  sixth  point  should, 
however,  always  be  available  for  use. 

The  tables  and  the  figure  are  arranged  to  suit  a  six- 
point  system,  but  the  same  principle  may  be  applied  to 
four,  eight,  or  any  even  number  of  points,  when  the 
offsets  used  are  not  long.  In  this  polygonal  system  no 
angular  measurement  is  necessary,  a  cross-head  staff  is 
sufficient  for  the  alignment  and  setting-out  right  angles  ; 
the  method  is  so  simple  that,  after  explaining  it  once  or 
twice  in  practice,  good  chainmen  can  easily  apply  it  by 
themselves. 


Ranging  Table  Suited  to  Radii  and  Distances  in 

Chains  and  Decimals. 
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R  =  74 
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-10 

R  =  12h^ 
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=  15 
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Absc.       Ord. 
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Absc       Ord. 

Absc. 

Ord. 

1 

0997     0067 

0998 

0050 

0999     0040 

0-999 

0033 

2 

1-976     0265 

1987 

0-199 

1*991     o-i6o 

1994 

0-133 

3 

2921      0592 

2-955 

0447 

2971      0358 

2980 

0299 

4 

3813      1042 

3894 

0789 

3-932     0635 

3*953 

0-530 

5 
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I  224 
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5646 

1747 
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I-184 
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For  Radii  and  Distances  in  Chains  and  Decimals 
(coniinueii). 
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7th.   The  single  chord  system. 


^,1*'^    I      a     3     «     £     «     3     s      I     o?"^^ 

Figure  33.    The  Single  Chord  System. 

This  method  may  be  occasionally  useful  in  small 
curves  of  roads,  paths,  small  channels,  etc.  The  chord 
of  the  intended  whole  curve  is  measured,  the  angle  of 
deflection  observed  roughly  with  a  compass,  and  the 
suitable  radius  of  curvature  calculated.  See  Formul£E, 
page  214,     C=2R  sin  7, 

Set  out  nine  points  along  the  chord  at  equal  inter- 
vals, each  being  one-tenth  of  the  chord  ;  calculate  the 
necessary  offsets,  which  will  only  be  five  in  number,  as 
they  recur  in  the  second  half  of  the  curve,  and  set  them 
out,  thus  obtaining  nine  points  in  the  curve,  which  are 
sufficient  for  rough  purposes  of  this  description. 

For  example.  Let  the  whole  chord  be  found  to  be 
131  feet,  the  angle  of  deflection  17  degrees  (minutes  are 
unnecessary),  then  the  radius  suitable  to  the  case  will 

be  =  —  '3  !_._=:  224  feet. 
2  X  0*2923 

In  tJie  attached  table  the  five  ordinates  are  given  to 

a  radius  of  looo  feet,  and  can  be  thus  reduced  to  the 

radius  of  224  feet : — 


1st   ordinate=  iJ'qCx  224- 
2nd  ordinatc  =  28'i9x  224 


3rd  ordinate  =  36'83  X  324->iCK)0=   82  feet 


4th  ordinate=4i-98  X  224 
middle  ordinate=43'70x  224- 


[000=   36  feet 
1000=    63  feet 


1000=  9-5  feet 
1000=  lO-S  feet 


The  sctting-out  is  i 


'  effected  by   measuring  ten 
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distances  along  the  chord  from  one  tangent  point,  each 
distance  being  a  tenth  of  the  chord,  that  is  131  feet  ; 
and  these  points  are  marked.  At  the  first  of  these 
points  set-out  the  offset  3"6  feet  at  right  angles  to  the 
chord,  at  the  second  63  feet,  at  the  third  8-2  feet,  at  the 
fourth  95  feet,  at  the  fifth  or  middle  point  I0'8  feet,  at 
the  sixth  95  feet,  at  the  seventh  82  feet,  at  the  eighth 
6'3  feet,  at  the  ninth  36  feet.  The  extremities  of  the 
offsets  will  be  points  in  the  cui-ve. 

This  system,  though  not  a  very  good  one,  is  pre- 
ferable to  the  method  of  versed  sines,  which  is  certainly 
troublesome  in  calculation. 

Offsets  from  the  Chord  for  a  Radius  of  looa 
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Checking  equidistant  points  already  ranged. 

When  a  number  of  equidistant    points  have  been 
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ranged  on  a  curve,  they  may  be  rapidly  checked  byeithd 
of  the  two  following  methods  : — 

1.  By  equal  rectangular  offsets. 
Produce  the  chord  between  any  two  p<»nts,  until  tM 

rectangular  offset  hits  off  t!ie  next  point ;  such  rect-« 
angular  offsets  should  all  be  equal,  and  when  the  chordsl 
are  small  compared  with  the  radius,  the  offset  is  equal  to  fl 
double  the  ordinate  from  the  tangent  of  the  tirst  pointi 
set  out. 

2,  By  oblique  offsets. 
Produce  the  chord  between  any  two  points  to  a  dt»*  J 

tance  equal  to  the  chord  itself,  and  mark  the  point ;  itsJ 
distance  from   the  next  point  on   the  curve  is   nearly^ 
equal  to  the  square  of  the  chord  divided  by  the  radius, 
but  in  any  case  such  oblique  offsets  should  be  all  equal. 

The  bisection  of  such  an  oblique  offset  will  give 
the  direction  of  the  tangent  from  the  last  point  on  the 
curve. 

These  two  methods  are  sometimes  adopted  for 
ranging  curves,  when  accuracy  is  unimportant :  but 
tliey  are  much  better  adapted  for  checking  with  pre- 
cision. 

Curves  of  varying  Curvature. 

Although  ordinary  circular  curves,  as  before  described 
and  applied,  are  the  most  simple  and  in  general  the 
most  convenient  for  almost  all  purposes,  for  roads. 
canals,  or  railways ;  yet  in  the  case  of  a  railway,  their 
buddenness  of  departure  from  and  return  to  a  piece  of 
straight  is  an  acknowledged  defect,  and  in  cases  where 
there  is  danger  of  a  train  leaving  the  rails,  these  are 
most  dangerous  points.  In  practice,  or,  more  properly 
speaking  in  actual  fact,  in  which  theory  does  not  inter- 
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fere,  the  sudden  changes  of  cant  are  merely  eased  by 
the  plate-layers  on  laying  the  rails,  in  an  empirical  way. 
Two  methods  have  been-  proposed  to  remedy  this, 
both  substituting  other  and  more  complicated  curves  for 
the  circular  one ; — the  one,  by  Gravatt,  gives  a  varying 
curvature,  the  ordinates  of  which  vary  with  the  sine  of  a 
theoretical  and  abstract  angle,  of  which  the  abscissa,  the 

half-chord,  and  —  are  the  factors ;  the  resulting  curve  is 

supposed  nearly  to  meet  the  requirements  of  the  cant, 
which  again  must  be  afterwards  adapted  to  it ;  the  other, 
by  Froude,  is  far  more  practical  in  tendency,  having  a 
curvature  made  to  depend  on  the  maximum  cant  and 
the  length  of  the  radii  of  the  adjoining  circular  portions 
of  curve  ;  the  equation  used  is  that  of  a  cubic  parabola. 
In  this  latter  case,  working  out  the  ordinates  for  each 
single  case  would  take  up  time,  and  apparently  the 
setting-out  of  the  curve  would  also  be  complicated  and 
tedious. 

The  Compound  Circular  Curve, 

There  is,  however,  no  absolute  necessity  under  any 
circumstances  for  setting-out  curves  of  varying  eurvature 
by  making  use  of  complicated  expressions  for  ordinates, 
nor  would  there  be  any  advantage  in  applying  curves 
of  a  high  order,  if  the  same  object  can  be  obtained  by 
simpler  means.  Now,  in  actual  fact,  a  real  curve  is  a 
comparative  rarity  on  a  railway,  for  it  generally  is  nothing 
but  a  succession  of  small  pieces  of  straight  rail ;  cambering 
rails  being  still  more  the  exception  than  the  rule  ;  so  in 
practice  we  can  make  a  curve  of  varying  curvature  to 
consist  of  a  large  number  of  equal  portions  of  circular 
curve,  described  with  different  radii,  decreasing  from  the 
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tangent  points  to  the  middle  point  of  the  curve,  where 
the  radius  used  would  be  a  minimum. 

It  would,  of  course,  be  necessary  to  make  a  small 
preliminary  sketch  before  setting-out  on  tlie  ground, 
showing  the  radii  used  and  the  number  of  points  set-out 
to  each  radius.  The  least  radius  would  be  used  at  the 
middle  point  of  the  curve,  describing  a  small  arc  on  each 
side  of  it,  for  example  200  feet  or  300  feet ;  the  next  arc 
on  each  side  would  be  described  with  a  larger  radius, 
and  so  the  radii  would  increase  for  any  number  of  arcs 
until  the  last  and  lai^est  radius  which  describes  an  arc 
tangential  to  the  straight  or  next  curve  is  arrived  at 

In  fixing  the  data  for  .such  a  curve,  the  position  of 
the  middle  point  of  the  curve  is  in  one  direction  purely 
arbitrary  ;  the  lengths  of  the  different  arcs  also  are  purely 
optional,  although  in  practice  it  will  be  found  most  con- 
venient to  make  all  these  arcs  equal,  and  of  some  con- 
venient length,  as  lOO  or  200  feet ;  the  increments  of  the 
radii  may  be  made  very  gradual  or  very  rapid,  or  may  be 
made  to  follow  any  proposed  mathematical  law,  thus 
giving  great  adaptability  to  the  curve  ;  in  practice,  how- 
ever, a  simple  additive  increment,  equal  in  every  case 
except  in  that  of  the  last  or  tangential  radius,  is  found 
most  convenient ;  and  even  for  the  last  radius  the 
distances  will  be  found  generally  to  vary  very  ^ligiitly 
in  sctting-out. 

In  order  to  carry  out  this  principle  with  as  little 
labour  as  possible,  tlic  following  'iable  has  been  con- 
structed ;  it  enables  arcs  of  100  to  be  set-out  by  various 
radii  from  500  to  3640,  the  radii  increasing  by  100;  this, 
however,  does  not  preclude  tlie  variation  of  curvature  being 
made  more  rapid,  if  wanted,  as  every  alternate  radius 
may  be  neglected,  or  radii  differing  by  300  or  400  used. 


SECT.  III.     VARIOUS  SYSTEMS  OF  RANGING  CURVES       263 


In  one  plan  of  setting-out  this  curve  with  the  help  of 
the  Table  (see  figure  34),  the  line  AB  making  equal 


Figures  34  and  35.    Compound  Circular  Curve. 

angles  with  the  tangents  DAy  EB^  and  determining  the 
middle  point  C  of  the  curve,  is  first  set-out.     Obtain 
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from  the  Table  the  abscissx  due  to  the  radius  R^  for  the 
points  ab,  e^ ¥,  which  occur  at  Jo-feet  intervals  along 
the  curve,  and  measure  them  both  ways  from  C  along 
CA,  CB  ;  take  the  ordinates  in  the  same  way,  and 
measuring  them  at  right  angles  obtain  the  points 
a  h,  a'  b'. 

To  proceed  with  the  next  portion  of  the  curve  or  arc 
described  with  radius  R^,  a  common  tangent  to  the  two 
arcs  is  required  at  the  point  b.  To  obtain  this,  use  the 
quantity  mentioned  as  (normal)  in  the  Table  for  R,  and 
measure  it  from  a  in  such  a  way  that  its  other  end  m, 
may  fall  exactly  in  A  C,  then  m^  bF  is  the  common 
tangent  required. 

From  this  new  tangent  bm^  F  the  points  c  and  d  are 
set-out  by  means  of  abscissae  and  ordinates  taken  from 
b  and  due  to  the  new  radius  R^  in  a  similar  way  to 
those  previously  set-out  from  C.  To  obtain  a  new 
common  tangent,  a  new  normal  cm^  due  to  R^  is  set-out 
like  rtw/,  and  the  direction  m^dni^  obtained.  Thus  new 
common  tangents  are  made  at  every  change  of  radius 
until  the  final  tangent  point  is  reached.  In  case  these 
final  radii  are  lai^e,  it  will  be  found  that  their  abscissa, 
ordinates,  and  normals  differ  so  slightly  from  those  for 
other  radii  that  differ  comparatively  little  from  them  in 
magnitude,  that  no  unnecessary  trouble  on  the  score  of 
exactitude  is  needed.  The  other  half  of  the  curve  is 
of  course  set-out  in  the  same  manner  and  with  the  same 
data. 

The  other  plan  adopted  in  figure  35  illustrates  the 
same  principle,  but  commences  from  a  tangent  point ; 
leaving  the  extra  small  portion  of  curve  to  occur  in  the 
middle  instead  of  near  the  tangent. 

Ranging  this  curve  can  be  conveniently  done  on  the 
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principle  of  the  author's  second  polygonal  system,  but 
using  a  two-point  instead  of  a  six-point  arrangement  of 
figures,  as  given  in  the  Table  following  this  paragraph. 

For  example.  Let  a  compound  curve  be  set-out 
from  two  given  tangents,  the  flattest  curvature  to  be  one 
of  a  radius  of  600  feet.  Using  the  following  figures  for 
7e  =  6oo: 


Ciirvc 

50 
100 


Abscissa 

49  94 
99  54 


Ordinate 

208 
8-31 


Normal 
209 


Starting  from  the  tangent  point,  set-out  two  points 
on  the  curve  a^  and  b ;  now  measure  the  normal  am^^  so 
that  m^  falls  in  DBy  and  sight  in  the  new  tangent  m^  bm^. 

Next  using  the  following  figures  for  R  =  500 : 


Cuive 

50 
100 


Abscissa 

4992 
9934 


Ordinate 

250 
997 


Normal 
251 


Set-out  the  points  c  and  d  with  them,  and  from  c 
measure  the  normal  cm^,  so  that  nt^  may  fall  in  the 
tangent,  and  thus  obtain  a  new  tangent  m^m^ 

From  this  new  tangent  set-out  two  points  with  the 
figures  for  a  radius  of  400  feet,  and  proceed  in  this 
manner  until  arriving  near  the  middle  of  the  curve. 
Let  200  be  the  smallest  radius  used  before  arriving 
there,  the  points  /  and  J  being  set-out,  continue  with  the 
same  curvature  and  set-out  c^  third  point  at  /  beyond 
the  middle  of  the  curve.  The  middle  point  of  the  curve 
can  then  be  marked  wherever  it  may  occur  on  the  arc 
between  /  and  /,  by  setting-out  equal  angles  to  it  from 
the  two  original  tangent-points.  One  branch  of  the 
curve  is  thus  set-out,  and  the  other  can  be  ranged  in 
the  same  way,  commencing  at  the  other  original  tangent- 
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point.  The  two  closing  distances  IQ  and  jQ  should  be 
equal,  if  the  ranging  has  been  very  carefully  done  ;  and 
this  serves  as  a  check  on  the  operation. 

In  this  example  the  constant  decrement  of  radius  of 
curvature  used  is  100  feet,  but  there  is  no  necessity  for 
adhering  to  such  a  decrement,  the  principle  can  be 
applied  with  any  other. 

Remarks  on  Ranging  Curves  for  various  objects. 

Any  one  of  the  methods  of  ranging  curves  just  ex- 
plained may  become  suitable  under  some  circumstances. 

The  centre-lines  of  railways  require  the  most  accurate 
ranging  in  these  days  of  sharp  curves,  steep  gradients, 
and  high  speed  ;  for  such  purposes,  when  simple  circular 
curves  are  adopted,  either  the  twq-theodolite  or  the  one- 
theodolite  and  chain  systems  are  generally  preferred  ;  but 
if  theodolites  are  not  available  at  the  time,  or  if  very ' 
windy  or  extremely  cold  weather  interferes  with  their 
convenient  use,  the  equidistant  six-point  system  is  pro- 
bably the  most  suitable  method  for  ranging  ;  the  checking 
can  then  be  done  by  oblique  offsets. 

The  curved  portions  of  centre-lines  of  canals  do  not 
demand  so  much  accuracy  in  ranging  as  those  of  railways, 
for  the  reasons  that  an  imperfect  curve  in  this  case  is 
not  a  source  of  positive  danger,  and  that  the  regularity 
of  the  curve  is  of  less  importance  than  keeping  close  to 
the  intended  level,  and  is  liable  to  alteration  from  the 
flow  of  water.  Intervening  pieces  of  straight  between 
two  curves  are  hence  frequently  dispensed  with  on  canals, 
and  the  arrangement  and  design  of  curves  are  made  as 
simple  as  possible ;  the  radii  are  always  convenient 
round  numbers,  and  if  the  two  tangent-points  are  shifted 
a  little  forward  or  back  to  suit  a  curve,  it  docs   not 
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become  an  important  matter.  The  author's  equidistant 
six-point  system  is  well  suited  to  ranging  centre-lines  of 
large  canals  on  the  curve  ;  and  Baker's  tangential  system 
may  be  used  for  them  when  the  length  of  curve  is  com- 
paratively short,  but  never  in  very  long  curves.  For 
centre-lines  of  small  channels,  which  rarely  have  long 
curves,  Baker's  method  is  sufficiently  accurate ;  but  in 
sharp  curves,  which  have  to  run  in  at  some  fixed  point 
dependent  on  level,  it  is  best  to  use  the  chord-system,  as 
it  ensures  the  use  of  the  appropriate  curvature,  and  is 
not  practically  confined  to  the  use  of  the  radii  in  round 
numbers  given  in  ranging  tables. 

Curves  of  main-roads  and  bye-roads  correspond  to 
those  of  main-canals  and  channels  with  regard  to  systems 
of  ranging. 

In  bridges  and  viaducts,  etc.,  as  it  would  involve 
extra  labor  to  set-out  and  construct  a  masonry  work 
actually  according  to  the  curve,  the  followmg  plan  is 

d 1^ 


Figure  36.  Curves  on  Br  ri.E 
generally  adopted.  Let  acb  be  (fi(,ure  36)  the  curve 
which  has  to  be  taken  ovlt  a  road  by  a  railway  bridge, 
and  which  on  earthwork  would  be  the  centre  line  used. 
At  c,  the  middle  of  the  proposed  bridge,  take  a  tangent 
dee,  and  draw  the  chord  ab  parallel  to  it ;  the  points  a 
and  b  being  sufficiently  beyond  the  two  proposed  abut- 
ments to  enable  the  chord  ACB  to  be  so  placed  that  the 
points  A  and  B  will  be  also  a  liltle  beyond  the  abut- 
ments; the  chord  ACB  is  between  the  tangent  and  the 
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chord  ac6  and  is  parallel  to  both ; — A  CB  is  the  centre 
line  to  be  used  for  the  bridge,  all  dimensions  being 
set-out  square  from  it.* 

When  a  viaduct  or  aqueduct  consisting  of  several 
spans  occurs  on  a  curve,  it  is  necessary  that  each  of  the 
arches  should  not  be  conoidal  but  cylindrical ;  in  order 
to  effect  this,  the  sides  of  the  piers  need  not  be  radiated 
to  the  centre  of  the  curve,  but  may  be  so  arranged  that 
each  span  will  be  equal  on  the  centre  line  on  the  outside 
and  on  the  inside — as  in  figure  37  ;  where  AB  is  the  chord 
of  the  centre  line  of  one  opening ;  instead  of  using  the 
radial  lines  cd^  ef  for  the  sides  of  the  piers,  they  are 
increased  and  diminished  on  inside  and  outside,  so  that 
CAD,  EBF  at  right  angles  to  AB^  being  taken  for  the 
pier  edges,  the  spans  Cis,  A  By  DF  are  all  equal,  and  the 
arch  can  be  made  cylindrical ;  the  same  method  being 
used  for  each  span  of  the  viaduct  or  aqueduct. 


Figure  37.    Curves  on  Viaducts. 

In  earthwork  on  the  curve,  the  curve-points  often 
have  to  be  reset  many  times ;  to  avoid  this,  it  is  usual  to 
set-out  two  points  at  equal  distances  from  the  required 
point,  and  in  a  straight  line  with  it,  at  right  angles  to 
the  tangent  at  that  point.  The  required  point  can  then 
be  found  at  any  time  by  bisecting  the  distance  between 
these    two    side    points,   which    should   of    course    be 

'  In  figures  36  and  37  the  curves  are  made  very  sharp  for  convenience 
in  illustration. 
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clear  of  the  works.  It  is  usual  to  set  them  loo  feet 
apart.  In  this  manner  each  point  on  the  centre  line, 
that  is  liable  to  be  often  disturbed  during  construction, 
can  be  found  from  the  two  points  radially  set-out  from 
this  point. 

In  sctting-out  curved  centre-lines  on  bridges  and 
viaducts  the  theodolrte-and-chain  system  is  generally 
to  be  preferred,  as  want  of  space  may  interfere  with 
other  methods. 

The  curved  wing-walls  of  bridges  and  abutments  can 
be  best  set-out  on  the  chord  system  already  explained  ; 
the  radius  and  the  chord  can  be  obtained  from  the 
design,  and  the  ordinates  from  the  chord  calculated 
with  the  help  of  the  table  given ;  sometimes  three  or 
four  are  sufficient  instead  of  nine  ;  and  the  points  set-out 
with  them  at  foundation-level,  and  again  at  plinth-level. 
Splaying  wing-walls  of  compound  curvature  may  be 
set-out  on  the  same  principle  ;  each  portion  being  treated 
separately  in  accordance  with  its  special  curvature  as 
shown  on  the  design  ;  but  if  the  curves  are  sharp,  they 
may  be  stmck  from  successive  centres  pegged  on  the 
ground. 

Section  4.     Details  in  connection  with 
Railway  Curves. 

Resistance  to  Motion  on  a  Curve. — A  portion  of  this 
resistance  will  also  occur  on  a  straight  level  line.  Ac- 
cording to  Mr.  Scott  Russell's  experiments,  the  following 
empirical  formula?  represent  the  amount  of  the  various 
resistances  on  a  straight  level. 

1st.  The  friction  of  the  wheels  and  axles;  this  is 
constant  at  all  velocities,  and  amounts  to  six  pounds  per 
ton  weight  of  train. 
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2nd.  The  resistance  of  the  air,  which  is  proportional 
to  the  surface  of  the  front  of  the  train,  and  to  the  square 
of  the  velocity,  amounts  to  one-fifth  of  a  pound  at  one 
mile  per  hour  for  the  usual  frontage  of  eighty  feet. 

3rd.  The  result  of  concussions,  oscillations,  flexures, 
imbedding  of  wheels  in  rail,  friction  of  air  against  sides, 
etc.,  when  the  permanent  way  is  in  fair  order,  equals 
one-third  of  a  pound  per  ton  per  mile  per  hour,  taking 
it  proportional  to  the  weight  of  the  train  and  the 
velocity. 

The  sum  of  these  will  give  the  total  resistance,  and 
is  true  for  passenger  trains  of  from  20  to  64  tons  at 
speeds  from  30  to  60  miles  per  hour.  For  lower  velo- 
cities, its  results  are  too  large,  and  for  carriages  or 
permanent  way  in  bad  repair,  the  results  will  be  too 
small. 

The  total  resistance  to  traction  at  low  speeds  on  a 
straight  may  be  taken  at  i -280th  of  the  load  ; 

at  12  miles  an  hour,  at  i -224th, 
at  60  miles  an  hour,  at  i-4Sth. 

It  might  have  been  more  correct  to  estimate  the 
resistance  of  the  air  in  proportion  to  the  bulk  of  the 
train,  instead  of  the  frontage,  but  results  do  not  appear 
to  be  so.  A  head  or  a  side  wind  would  add  to  the  total 
resistance  ;  the  former  can  be  accounted  for  by  adding 
or  subtracting  its  amount  from  the  velocity  of  the  train 
in  the  foregoing  formulae. 

A  further  portion  of  the  resistance  to  motion  on  a 
curve  may  be  due  to  the  gradient. 

Should  there  be  any  inclination,  the  resistance  due 

H.  IV, 
to  this  will  be  =  F-h     ' 
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where   F=  resistance  in  pounds  for  the  same  load  on 
a  level,  and  any  specified  velocity. 
W=Ioad  in  pounds. 
If  and  Z.=!height  and  length  of  incline  in  feet. 

The  remaining  portion  of  the  resistance  is  due  to 
curvature  alone.  With  cylindrical  wheels,  and  when 
no  superelevation  is  given  to  the  outer  rail  the  following 
are  the  sources  of  resistance. 

1st.  The  friction  incidental  to  the  sliding  of  the 
wheels  on  the  rails,  as  one  wheel  must  travel  farther 
than  the  other. 

2nd.  The  friction  of  the  flanges  on  the  outer  rail  due 
to  centrifugal  force, 

3rd.  The  friction  due  to  the  axles  being  parallel 
instead  of  convergent. 

4th.  The  resistance  due  to  the  obliquity  of  tlie 
moving  power. 

The  first  cause  of  friction  is  partly  met  by  the  em- 
ployment of  running  tyres,  the  second  by  superelevation 
of  the  outer  rail,  the  third  by  placing  the  axles  nearer 
together  or  employing  bogie-trucks,  the  fourth  is  con- 
sidered to  be  a  very  small  cause  of  resistance,  partly 
counteracted  by  centrifugal  effect. 

When  a  train  Is  once  on  the  curve  the  risk  of  leaving 
the  rail  is  not  increased  ;  the  departure  from,  and  the  re- 
turn to,  the  straight  cause  all  danger  in  this  respect ;  to 
obviate  thi."!  a  gradually  increasing  curvature  might  be 
adopted,  as  the  parabolic  curves  used  on  some  French 
railways,  or  the  compound  circular  curve. 

According  to  Mr.  Latrobe's  experiment,*,  in  cases 
where  superelevation  is  given,  the  loss  of  power  due  to 
curvature  for  each  degree  of  deflection  subtending  an 
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arc  of  100  feet  was  equivalent  to  that 
of  two  and  a  half  feet  per  mile.  This 
expressed  in  these  figures : 


due  to  an  ascent 
is  approximately 


Radius 

Ascent 

Radius 

Ascent 

Radius 

Ascent 

InFect 

One  in 

in  Feet 

One  in 

in  Feet 

One  in 

6280 

3893 

2000 

1474 

600 

442 

6000 

3686 

1760 

1290 

600 

369 

4600 

3318 

1600 

II06 

400 

295 

4000 

2949 

1260 

922 

300 

221 

8600 

2580 

1000 

737 

260 

184 

8000 

2212 

900 

664 

200 

H7 

2640 

1946 

800 

589 

160 

III 

2600 

1843 

700 

516 

100 

74 

Superelevation, 

The  superelevation  of  rail  due  to  a  curve  is  unfor- 
tunately a  subject  that  is  usually  left  uninvestigated; 
the  engineering  student,  after  learning  that  centri- 
fugal force  has  to  be  resisted  for  different  speeds  and 
different  curvatures,  makes  use  of  a  table  obtained  from 
the  nearest  handbook  of  information  regardless  of  the 
form  of  wheel  that  will  have  to  run  on  those  rails.  The 
following  investigation  and  example  given  by  Oliver 
Byrne,  being  the  clearest  and  yet  the  most  concise  that 
can  be  met  with,  cannot  be  improved  on  at  present,  and 
is  therefore  fully  given. 

To  find  first  the  centrifugal  force  tending  to  force 
the  weight  off  the  curve. 

Let  W^=  weight  of  mass  in  motion. 
/?  =  radius  of  curve. 
t/= velocity  of  train  in  feet  per  second. 
y=  centrifugal  force. 

^= force  of  gravity  at  earth's  surface  :=  32*2  feet 
in  a  second. 


Then  /= 


^' 


I'hence  x= 


gR 
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When  the  wheels  are  cylindrical,  which  is  the  r 
usual  form  at  present,  the  superelevation  necessary  is 
very  easily  obtained. 

Let  j^=this  superelevation,  of  which  half  is  actual 
elevation  of  outer  wheel,  and  half  is  actual  depression 
to  the  inner  wheel ;  and  let  i=  gauge  of  rails; 

then  the  centripetal  force  resulting:— 


For  example.  Required  the  superelevation  for  a 
radius  of  500  feet  when  the  gauge  is  4'5  feet,  and  a 
speed  of  60  feet  per  second. 

45  X 1600      i6-3        c    . 

x=-t^ — ^ =   ^  -  =  i  foot, 

32-3  X  500      i6-2 

or  six  inches  of  elevation  and  six  inches  depression. 

The  following  table  of  superelevations  due  to 
cylindrical  wheels  is  calculated  with  this  formula  ;  any 
elevation  less  than  one  inch  on  the  whole  may  generally 
be  neglected. 
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Table  of  Superelevation  in  Inches  due  to  various 

Speeds  and  Curves. 


BROAD  GAUGE  7-06  Feet. 

Radius 
in  Feet 

Speed  in  Miles  per  Hour 
10             20              30              40 

60 

600 

1-13          452          1017          i8-o8 

2825 

673 

•98          392            882          15-68 

2450 

600 

•94          376           846          15-04 

23-50 

700 

•81          324            7-29          12-96 

2025 

7iei 

•79          3-16           711          12-64 

1975 

800 

71          284           639          11-36 

1775 

900 

•63          252            567          10-08 

1575 

966 

•59          2-36            531            9-44 

1475 

1000 

•56          224            5-04            896 

14^00 

1432^ 

•39          156            3'5i            6-24 

975 

1600 

•38          1*52            3-42            6-o8 

950 

1910 

•29          ri6           2-61            4*64 

7-25 

2000 

•28          I- 12           252           4-48 

700 

2600 

•23           -92           2-07           3-68 

575 

2866 

•20           -80           1 80           320 

5-00 

INDIAN  GAUGE  5-5  Feet. 

600 

•88         3-52           792          1408 

22-00 

678 

77          308           693          1232 

19-25 

600 

•73         2-92           6*57          ir68 

1825 

700 

•63          2-52           5*67          1008 

1575 

7iej 

•61          2-44            5*49           976 

1525 

800 

•55          2-20           4*95            880 

1375 

900 

•49          196           441            784 

12-25 

966 

•46          184           414            736 

11*50 

1000 

•44          176            396           704 

11-00 

1432^ 

•31          124           279           4*9^ 

775 

1600 

•29          I -16           2-61            4*64 

725 

1910 

•23            -92            207            368 

575 

2000 

•22             88            198            352 

550 

2600 

•17             68            1-53            272 

425 

2866 

•15             60            1-35            240 

375 

T  2 
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Superelevation  in  Inches  duk  to  vARioirs  Speeds 
AND  Curves  {fontittueif). 


IRISH  GAUGE  s-aS  Febt.                               | 

lUdiu. 

Speed  in  Milap« 
10            30              SO 

Hcur 
40 

BO 

SOO 

'84          3J6            756 

13-44 

IlOO 

678 

73         »*9i           657 

ii'6S 

1825 

eoo 

■70         280           6-30 

1I-2D 

17  SO 

700 

■60         r4o           540 

960 

1500 

7l6i 

■S9          a-36            5*3' 

9^44 

14  75 

BOD 

■S3         a-i2           477 

8-48 

i3'*S 

eoo 

■46         1-84           414 

736 

11-40 

BM 

■44           176            3'96 

7-04 

IIW 

1000 

■^^         1-68           37S 

6-7* 

wso 

1432i 

.=9          -''ft            =61 

464 

7-^5 

IBOO 

■28          riz           252 

4-48 

700 

1910 

■22            -88             198 

352 

5  5° 

2000 

■21            -84             1-Sq 

336 

5-25 

aeoo 

-.7            -68            i5j 

272 

4-25 

2886 

■'3            -60            '35 

240 

3-75 

NARROW  GAUGE  47J   Yt 

ET, 

500 

75          3*00            67s 

I^OO 

IS  7; 

573 

■66          264            5-94 

1056 

1550 

flOO 

-62          2^48            5'58 

9-91 

'5'5o 

700 

■54              2'l6                4S6 

864 

'3  SO 

7161 

■S3           212            477 

K'4S 

13-^5 

800 

■47           I '38            4-23 

7-5^ 

1175 

900 

■42           1-68            37  S 

671 

1050 

ass 

•39          "SS            3-5' 

6-34 

9  7S 

1000 

■JS           r52            3-42 

60S 

950 

U32i 

■26            I-q>4              334 

4-16 

650 

IBOO 

-25           100            225 

4-O0 

625 

ISIO 

■lo             So            180 

yio 

SOO 

aooo 

■19               76              171 

3°4 

425 

2500 

-15              '60              135 

2-40 

3  75 

2805 

•ij            ■SJ            1-17 

208 

325 
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Superelevation  in  Inches  due  to  various  Speeds 

AND  Curves  (continued). 


GAUGE  45  Feet. 

Radius 
in  Feet 

Speed  in  Miles  per  Hour 
10             20               30               40 

60 

600 

•72          2-88           648 

11*52 

i8-oo 

673 

•63          252            5-67 

1008 

1575 

600 

•60          2*40            5^40 

960 

1500 

700 

•51          2-04           459 

816 

1255 

7iej 

•50          200           450 

8-00 

1250 

800 

•45          r8o           405 

720 

11*25 

900 

•40          i^6o           3-60 

640 

1000 

066 

•38          152           342 

608 

950 

1000 

•36          1-44           324 

576 

900 

1432^ 

•25          i-oo            2-25 

4-00 

625 

1600 

•24            -96            2- 16 

384 

6-00 

1010 

•19            76            1-71 

304 

475 

2000 

•18            72            1-62 

'2-88 

450 

2600 

•14             56            1-26 

224 

350 

2866 

•12           ^48            ro8 

1^92 

300 

HL 

LL  OR  TRAMWAY  GAUGE 

3*5  Feet. 

600 

•58          232            522 

928 

14-50 

673 

•48          1-92            4-32 

7-68 

1200 

600 

•47           1*88            4*23 

752 

1175 

700 

•40          160           3*6o 

640 

1000 

716i 

•39          1*56           3-51 

624 

975 

800 

•35          1-40            315 

560 

875 

900 

•31          124           279 

496 

775 

066 

•29          i-i6            2-6i 

4-64 

725 

1000 

•28          112            252 

448 

7-00 

1432 1 

•19           "j6           vyi 

304 

475 

1600 

•19           74           171 

304 

475 

1010 

•15           -60           1*35 

240 

375 

2000 

•14           ^56           1-26 

224 

350 

2500 

•II            44              99 

176 

275 

2866 

•09           -36             '81 

144 

226 
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JuncHons  and  crossings.— 1\nx  greater  portion  of  the 
alignment  of  the  rails  is  simply  set-out  by  the  platelayers 
in  accordance  with  the  staked  centre-line  and  proper 
gauge,  a  few  extra  levels  being  required  wherever  super- 
elevation is  necessary.  Junctions  and  connections,  which 
are  adopted  in  preference  to  turntables  and  traversers  for 
the  transfer  of  rolling  stock  from  one  pair  of  rails  to 
another,  demand  special  attention  in  setting-out. 

A  junction  occurs  under  the  most  simple  circum- 
stances when  a  curved  pair  of  rails  depart  from  a  straight 
main-line,  and  after  clearing  the  latter  run  into  a  straight 
branch-line,  or  into  any  intermediate  piece  of  straight ; 
the  actual  junction  of  the  rails  can  be  disconnected  at 
will  by  means  of  a  moveable  rail  or  switch  and  fixed  point, 
the  last  fixed  rail  being  cut  to  form  a  closure  ;  most  rails 
are  from  15  to  27  feet  long,  the  closing  rail  should  be 
cambered,  and  should  not  be  k-ss  than  7  feet,  and  if 
transverse  sleepers  are  used,  should  rest  on  three  of  them. 

The  work  of  the  scttcr-out  consists  in  marking  the 
junction-point  and  the  heel  of  the  switch,  and  afterwards 
the  point  of  the  crossing  and  its  lead :  the  latter  will 
depend  on  the  sharpness  of  the  curve  adopted  and  on 
the  gauge.  In  stations  where  it  is  advantageous  to  clear 
the  main-line  in  a  short  length,  sharp  curves,  having 
radii  less  than  500  feet,  are  used.  The  curve  cither  runs 
quite  up  to  the  main  line,  and  includes  the  switch  as  a 
nominal  part  of  it,  although  this  is  practically  straight, 
or,  which  is  more  usual,  t!ie  curve  runs  merely  up  to  the 
switch  and  is  tangential  to  its  outer  end  ;  while  the  switch 
is  set  straight,  having  a  regulated  length  and  clearance. 
The  latter  mode  is  preferable  from  its  allowing  greater 
scope  for  adjustment;  as  any  slight  error  of  sharpness 
in  the  setting-out  of  the  curve  is  remedied  by  the  flatness 
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of  the  switch ;  also  because  either  the  clearance  or  the 
length  of  the  switch  may  be  slightly  modified  while 
retaining  the  angle  of  departure  unchanged  ;  this  method 
is  hence  adhered  to  in  calculations  in  this  book. 

Next  as  regards  crossings ;  in  the  case  of  a  simple 
turnout,  when  both  main  and  branch  lines  each  consist 
of  a  single  pair  of  rails,  there  is  only  one  crossing,  or 
point  at  which  one  rail  of  the  main  line  has  to  be  cut 
through.  Crossings  are  denoted  by  their  leads,  such  as 
I  in  6,  I  in  10,  etc.,  the  lead  being  equal  to  half  the  co- 
secant of  half  the  angle  of  crossing.  For  rough  purposes 
and  when  the  value  of  the  lead  is  not  subsequently  used 
for  calculation  of  distance,  it  may  be  taken  as  equal  to 
the  cotangent  of  the  whole  angle ;  even  in  the  case  of  a 
large  angle,  as  ii°28'42''  the  result  is  i  in  4-92  instead 
of  I  in  5,  the  error  being  less  than  a  tenth  as  far  as  this. 
Leads  are  generally  given  to  quarters  and  sometimes  to 
eighths  ;  in  the  following  table,  giving  equivalent  angles 
and  leads,  they  are  given  to  tenths,  although  they  are 
not  commonly  required  with  such  exactitude.  There 
are  also  less  convenient  modes  of  designating  leads. 
The  most  simple  mode  of  obtaining  the  lead  from  a  plan 
is  to  apply  a  scale,  as  to  the  next  following  figure,  at  or 
about  ED,  so  that  ED=^  i,  one  unit  on  the  scale ;  then 
with  a  compass  describe  the  arc  ED  from  the  centre  C\ 
now  measure  either  CE  or  CD  with  the  scale  of  which 
ED  is  the  unit,  and  this  measurement  (;«)  is  the  lead  of 

CE     I  I 

the  crossing,  and  is  equal  to  z^^=-  cosec-  DCE, 

ED     2  2 

It  should   be   remembered   that   the   angle   of  the 

crossing  is  that  formed  by  the  middle-lines  of  the  two 

rails,  which  should  be  chalked  to  show  it,  and  not  the 

angle  formed  by  the  metal  at  the  point  where  the  rail  is 
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ON  or  Akglks  of  Crossings. 

I^ 

Lad 

OniiD 

ABtl* 

Angit 

6-0 

18'    afl" 

100 

S°  43'    56" 

■5      f 

lO-l 

5    40    30 

83 

2      8 

lo-a 

5     37     10 

S3 

49    34 

lo-a 

S     33     54 

6-4 

37    3a 

10-4 

5     3°    40 

6-6 

as    54 

105 

S    a?    32 

B-e 

14    43 

100 

S    24    36 

57 

3    50 

107 

5    31    24 

6-8 

9 

S3    18 

10-8 

5     .S    36 

B-9 

9 

43    IS 

lO-B 

S    'S    30 

60 

9 

33    38 

u-o 

S        13       38 

6-1 

9 

34       13 

11-1 

S      9    4S 

6-a 

9 

15      4 

11-a 

5      7* 

a-s 

1 

6     ,4 

11-3 

5      4    20 

S-4 

57    4a 

U-4 

5      I    40 

BB 

8 

49    34 

11-5 

4    59      2 

68 

S 

11-6 

4    56    2S 

6-7 

S 

33    34 

11-7 

4     "il     55 

8 

26      0 

11-S 

4     5'     26 

6-8 

S 

iS    4D 

11-9 

4    48     S8 

7'0 

8 

II    yi 

lao 

4    46     34 

7'1 

8 

4     36 

121 

4    44     12 

72 

7 

57     50 

12-2 

4     4"      53 

73 

7 

51      18 

123 

4     39     34 

7.4 

7 

■14     54 

4    37     '8 

7 

J8    4:! 

13-5 

4     35       6 

7-6 

7 

126 

4     >2     52 

77 

7 

26  te 

127 

4    30    46 

7 

12-8 

4     28     38 

70 

7 

■  5     26 

12-9 

4    26     34 

SO 

7 

4    14     3' 

7 

4     42 

131 

4    2Z     30 

B-a 

(5 

59    3" 

132 

4    2°    3° 

83 

6 

^4     26 

4     18     12 

8-4 

6 

4<>     30 

13-4 

4     '6    36 

B-S 

6 

44     40 

13-6 

4      14     42 

8-6 

6 

39    58 

4      13     50 

87 

6 

35     " 

137 

8-8 

6 

30     5' 

13-8 

4       9      10 

89 

6 

26    28 

13-9 

90 

6 

140 

4      5    36 

8-1 

6 

T7    SS 

14-2 

9-2 

6 

'3   !;2 

14-4 

3     'iS    47 

93 

6 

9     5" 

3     55     30 

8-4 

6 

5     54 

150 

3    49     14 

9-6 

6 

15B 

3    4'     50 

86 

5 

5S     iS 

leo 

3    34     54 

9-7 

S 

54     34 

3      38      32 

98 

5 

50    ;6               17-0 

3     22     .6 

9-9 

5 

47     ^4         '        180 

3     H       0 
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cut  through.  The  point  of  crossing  once  fixed  should 
not  be  altered  for  accommodation's  sake,  although  the 
point  of  the  switch  may  be  shifted  a  little  with  that 
object.  The  leads  of  crossings  on  the  English  narrow 
gauge  generally  vary  between  i  in  5  and  i  in  12, 
I  in  10  is  the  lead  most  commonly  preferred,  but  in 
stations  where  the  speed  is  small  i  in  7  is  not  too  sharp ; 
they  are  distinguished  as  acute  or  obtuse.  In  steel 
crossings,  the  portions  of  rail  that  meet  at  a  point  are, 
for  a  few  feet  from  it,  all  cast  in  one  piece  of  steel  and 
fixed  to  a  block  of  wood  ;  their  sizes  and  forms  vary 
greatly  according  to  the  maker. 

The  simple  UimiQut  from  a  straight  main  line. 

To  determine  the  data  necessary  for  setting-out 
a  crossing;  let  ^7^,^^  be  the  two  rails  of  the  single 
main  line  ;  ABCD  and  LM  those  of  the  branch.  The 
point  A  is  fixed  as  may  be  wanted,  the  length  of  switch 
{b)  and   its  rectangular  offset  {a)  are  fixed  quantities : 

hence  also  the  angle  -^=sin~^-  ;  the  gauge  {g)  is  also 

o 

given,  and  the  radius  of  curvature  r  of  the  turnout,  is  a 
predetermined  quantity.  The  two  quantities  required  for 
setting-out  are  the  chord  BQ  by  which  the  point  Cmay 
be  marked  on  the  rail  LE,  and  the  angle  of  crossing  0 
from  which  the  lead  can  be  calculated. 

Completing  the  figure  for  purposes  of  trigonome- 
trical calculation 

we  obtain  cos  6  =  cos  A  —  ^"^    • 
and  the  chord  BC=g—a  .  cosec • 
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If    0   be    a   predetermined    angle,  the    radius   of    the 
branch,  r=- (  5tr,cosec  ? ^-— ^J. 


The  results  of  the  formulje  arc  given  in  the  following 
table  for  usual  gauges  and  lengths  and  clearances  of 
switch. 
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Table  for  setting  out  Crossings,  giving 
also  their  leads. 

(Turnout  from  a  straight  track. ) 


Broad 

Indian 

Irish 

Radius 

7-00 

66 

6*26 

in  Feet 

I^ad 

Lead 

I^d 

One  in       Distance 

One  in       Distance 

2000 

117           I22I 

13-2           IOI7 

13*5          984 

1600 

103           I09I 

1 1 -6          922 

1 1-9         892 

1400 

99        1004 

III             91-3 

1 1*5         87*1 

1300 

96           1034 

IO-9          875 

HI           848 

1200 

92           100-3 

10-5        850 

107         82-4 

1100 

89             969 

100          82-1 

103         797 

1000 

85          933 

96          794 

98         770 

900 

81          897 

91          763 

9*4          74-0 

800 

7-6          855 

8-6          729 

89          707 

700 

7*1          8io 

81           691 

83          67-1 

600 

6-6          762 

rs       650 

77          631 

600 

61           705 

09        60-3 

71          58-6 

400 

54          <^40 

6-2          550 

6-3          534 

800 

47          56-6 

5'4         487 

55          473 

200 

i'^          474 

4'4          408 

45          397 

Narrow 

Australian 

Metric 

Radius 

4-71 

36 

8281 

in  Feet 

Lead 

I^ad 

I^ad 

One  in       Distance 

One  in       Distance 

One  in       Distance 

2000 

14-2             90-9 

161             745 

16-5            710 

1600 

12-5            82*b 

14*2         Ob-2 

14  0         65*0 

1400 

122             809 

138             667 

14-2            63-2- 

1300 

117             780 

I3'3          650 

138            621 

1200 

113             764 

129        633 

i3'3          605 

1100 

109             740 

12-4         61-5 

12-8          587 

1000 

104             71-5 

119          59  5 

121              568 

900 

99          bb-5 

II-3          573 

117             548 

800 

94           658 

107          548 

no         525 

700 

88           O2-4 

loi          523 

10-4             500 

600 

8-2           574 

94          493 

9  7          47-2 

600 

75           547 

8-6          459 

89          440 

400 

67          499 

77          420 

80          403 

800 

5*8          442 

67          374 

70          359 

200 

48          372 

5*5          31-5 

57          303 

For  the  four 

larger  gauges,  the 

length  of  switch  is 

15  feet,  the  throw 

4^  inches. 

For  the  two 

small  gauges,  the 

length  of  switch  is 

10  feet,  the  throw 

3  inches. 
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The  setting-out  may  be  constructively  set-out  on  the 
ground  as  follows,  without  either  tables  or  calculation, 
whatever  the  conditions  of  the  case  may  be. 

Mark  the  points  A  and  B  on  the  ground  according  to 
any  predetermined  length  (<*),  and  clearance  (a)  of  switch ; 
determine  also  by  choice  a  suitable  lead  for  the  intended 
crossing,  let  it  be  r  in  m,  represented  in  the  figure  by 
the  ratio  of  ED  to  EC.  From  a  centre  at  B,  with  a 
radius=2^,  or  twice  the  length  of  the  switch,  describe  an 
arc  PQRS,  meeting  the  rail  at  P.  From  P  measure 
PR=2a  on  this  arc:  from  R  measure  a  chord  RS  =  ^ 

thus  fixing  the  point  .S.  The  direction  BS  will  give 
the  position  of  C,  or  point  of  crossing.  By  drawing  BQ 
parallel  to  AP  in  the  figure  it  will  be  seen  that  the  angle 

QBS=         -  as  required.     The  radius  r  of  the  branch 

can  afterwards  be  found  by  the  foregoing  formula. 

T/ic  siiiipii- tjiriioiit  from  a  curved  main  line— The 
two  cases  coircspond  g^encrally  to  the  foregoing.  In  one 
case  the  turnout  curves  in  a  direction  similar  to  that  of 
the  main  line,  in  the  other  it  curves  in  a  reverse  direc- 
tion. 

The  corresponding  formula  for  these  two  casc^  are 
thus.  Let  R  be  the  radius  of  the  main  track,  and  A'  the 
angle  at  the  centre  of  the  main-track  curve,  which  is  sub- 
tended by  the  required  chord-distance  BC;  the  terms 
correspond  in  all  cases  ;  and  the  value  of  the  half  of 
the  angle  jV  must  first  be  found. 


With  similar  curves  :  tan  '    =  -  , 
2      2k 


°  2 

-V„  .>:-a     _,„  i  +  A 
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And  in  cither  case,  the  required  chord  distance 

BC^g—a  cosec  ^-— —  cos  -.. 

If  <^  be  the  predetermined  quantity,  as  is  usually  the 
case,  the  value  of  r,  the  radius  of  the  branch,  is  : — 
With  similar  curves, 


.=1  {BC 

With  reverse  curves, 


cosec  ^ ^£'j 


=;  {sc 


cosec 


^-N-A 


-i). 


But  if  r  be  the  predetermined  quantity,  and  ^  be 
required.  In  either  case  first  calculate  the  side  ON  of 
the  triangle  ONC,  where  N  is  the  centre  for  the  main 
curve,  and  O  is  the  centre  for  the  branch  curve.     Then 

for   similar  curves,  as  OC-=r-\-%  and  CN^R-^^,  the 

2  2 

three  sides  of  the  triangle  are  given,  viz.  r, «,  o^  and  their 

half  sum  =  .y, 

and  tan  |=y/(^E4-^3). 

Also  for  reverse  curves  ; — having  in  a  corresponding 

triangle  calculated  the  side  0N\  then  OC^r-\-^y  and 

2 

CN^R-'^-y  thus  the  three  sides  of  the  triangle,  viz. 
Cy  Hy  Oy  are  given,  and  their  half  sum=j'. 

U,.„cc,g*=^(E^). 

In  either  case  the  angle  0  can  be  obtained  if  re- 
quired.    From  the  variety  of  curves  that  may  be  given 
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either  to  the  main  line  or  the  branch,  and  the  number  of 
combinations  that  might  be  formed,  tables  for  these 
cases  would  be  rather  lengthy,  and  require  a  book 
specially  devoted  to  them  ;  the  calculations  however  are 
very  simple. 

It  is  evident  that  any  formulae  for  setting-out 
crossings  of  turnouts  can  only  be  modifications  of  those 
given  for  the  three  cases  here  dealt  with.  Simple,  or 
even  complicated  sets  of  turnouts  may  be  set-out  on 
the  ground  by  anyone  with  the  aid  of  the  above 
formulae  and  tables  ;  but  when  they  form  part  of  a 
cross-over  road,  or  of  a  series  of  them,  special  designs 
must  be  made,  and  the  setting-out  done  in  accordance 
with  them.  Designing  is  not  within  the  scope  of  this 
work,  and  none  of  the  problems  involving  complicated 
curved  centre-lines  affect  the  setter-out  beyond  that 
he  has  to  set-out  the  work,  and  mark  switches  and 
crossing  points,  in  accordance  with  the  design  laid 
down  on  a  plan. 

The  designs  for  cross-over  roads  are  frequently  made 
without  the  introduction  of  intermediate  straights  be- 
tween rever.sc  curves  of  comparatively  small  radius  ;  in 
such  cases  it  rests  with  the  designer,  to  correct  this ; 
but  when  the  design  shows  tangent  points,  indepen- 
dently of  the  length  of  switch,  this  matter  can  be 
adjusted  by  the  setter-out,  without  altering  the  radii 
used,  either  by  setting  the  switch-point  back  or  by 
cambering  the  closure. 

Setting  back  a  switch-point. 
The  distance  to  which  the  point  should  be  set  back 
is  thus  obtained.     Let  b  and  a  be  the  length  and  throw 
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of  the  switch,  and  c  the  tangential  abscissa  to  the  given 
radius  of  curve  due  to  an  ordinate  a;  dhe  the  distance 
for  setting  back  the  tangent  point  along  a  straight 
line,  in  order  to  make  the  curve  tangential  at  the  heel ; 

then  d^  v¥^^-c ;  where  c=:  ^/R'-{R'-a)\ 

In  case  the  curvature  is  such  that  c  is  greater 
than  Vb^^^\  it  is  better  to  put  the  switch-point  at 
the  exact  tangent  point  of  design,  and  to  adjust  the 
closure  or  last  fixed  rail  by  cambering  so  as  to  fit  up 
to  the  switch-heel,  thus  allowing  the  error  in  flatness 
to  remain. 

Corresponding  adjustments  in  setting-out  can  be 
made  for  turnouts  from  curved  main  tracks,  setting  back 
for  errors  of  sharpness,  and  cambering  closures  for  those 
of  flatness. 

Radii  of  centre-lines  of  constructed  railways. 

It  having  been  suggested  that  formulae  for  the 
purpose  of  finding  the  radius  of  the  centre-line  of  an 
actual  railway-curve  would  be  useful  both  to  surveyors 
and  engineers  in  the  field,  the  following  is  appended  to 
this  part  of  the  book. 

Let  C  be  the  chord  of  the  outer  rail,  measured  tan- 
gential to  the  inner  rail,  to  the  middle  of  the  metals 
everywhere. 

R,  the  radius  of  the  centre  line  in  any  case,  whether 
the  line  be  of  single  or  of  double  track. 

gy  the  gauge  of  the  track,  and  s  the  six-foot  interval 
between  tracks,  which  frequently  varies,  and  requires 
measurement. 

The  formulae,  when  symmetrically  arranged  for  pur- 
poses of  calculation,  direct  and  converse,  are  (i)  for  the 
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chord  of  a  single  track,  (2)  for  that  of  the  inner  track  of 
a  double  line,  {3)  for  that  of  the  outer  track  of  a  double 
line. 

The  first  set  of  formulse  is  applicable  to  any  single 
ease  required  in  the  field,  and  the  second  set  to  the  tabu- 
lation of  chords  corresponding  to  given  radii  in  round 
numbers  ;  the  same  unit  of  measurement,  whether  feet 
or  chains,  being  adhered  to  throughout. 


I 
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PART  IV. 

RO  UTE'SUR  VE  YS. 

Section  I.    Traverses  of  Routes  by  Land 

AND  Sea. 

Route-surveying  may  be  divided  into  two  classes ; 
the  one  being  exploration  or  itinerary  survey3  on  com- 
paratively unknown  routes  by  land,  the  other  being  what 
is  familiarly  called  Navigation,  which  deals  in  corre- 
sponding manner  with  the  course  of  vessels  at  sea.  They 
both  follow  the  principles  of  a  large  Compass  Traverse, 
already  explained  and  exemplified  (see  pages  105  to 
110  and  Record  No.  III.),  and  vary  from  it  mostly 
in  that  the  distances  from  station  to  station  are  much 
greater,  and  more  coarsely  measured  or  estimated. 

The  portions  of  traverse  in  route-surveys  are 
generally  divided  into  journeys  of  one  day,  or  of  a  day's 
run  at  sea  ;  the  traverse-stations  have  their  distances  apart 
fixed  by  local  considerations  on  land,  such  as  bends 
of  valleys,  ascents,  passes,  positions  of  villages,  while 
at  sea  these  distances  depend  on  the  times,  or  periods 
between  changes  of  course  arbitrarily  adopted  by  the 
sailing-master.  The  final  closing  of  such  surveys,  or 
traverse-work,  depends  on  such  previously  well-known, 
or  predetermined  points,  as  towns,  villages,  etc.,  or  at 
sea,  rocks,  ports,  harbours  and  islands,  whose  positions 
are  accurately  known,  and  laid    down  on  trustworthy 

U 
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maps  or  charts,  or  recorded  authentically.  Some  such 
points  also  serve  for  checking  intermediate  places  in 
the  route  ;  but  the  principal  means  of  daily  verification 
in  all  such  work  is  direct  astronomical  observation  aided 
by  good  chronometers  for  giving  differences  of  longi- 
tude. Hence  the  necessity  in  route-surveys  of  having 
men  capable  of  taking  such  observations,  of  having 
portable  instruments  for  that  purpose,  and  of  also 
taking  copies  of  the  Nautical  Almanac  for  the  current 
and  the  following  year,  as  these  give  the  positions  of  all 

I  the  principal  celestial  bodies  for  Greenwich  mean  time. 
!5n   route-surveys  the  necessiry  astronomical   observa- 

'  tfons,  for  the  determination  of  latitude,  longitude,  and 
the  direction  of  the  meridian,  are  made  at  least  once, 
or  twice,  a  day  ;  the  intervening  traverse-work  is  cal- 
culated and  reduced  to  a  ."Single  meridian,  and  the  errors 
determined  ;  the  traverse-work  can  then  be  plotted  on 
a  plan,  to  some  convenient  scale,  with  names  of  places, 
dates,  times,  and  everything  desirable  or  suitable  for 
record. 

Such  surveys  are  not  generally  the  principal  object 
of  an  exploration,  but  are  more  frequently  subservient 
to  obtaining  knowledge  on  other  points ;  such  a';  for 
military  purposes,  in  which  case  the  gradients  of  the 
country  or  of  the  roads  must  be  noted  as  suited  to 
artillery  or  not  ;  the  condition  of  the  country  as  suited 
for  cavalrj'  to  act,  passes,  fords,  and  strong  positions, 
places  suited  for  ambuscade  or  cover  for  troops,  have 
to  be  noted  ;  the  amount  of  shelter,  food,  fuel,  and 
forage  that  might  be  obtained  ;  the  amount  and  qu.nlity 
of  the  water  all  along  the  route,  the  times  and  sc\T;ntis 
of  crops,  their  preparation  and  har\'esting  ;  the  nmnunt 
of  timber  and  stone  available  for   hutting  and   bridges  ; 
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and  the  number  and  disposition  of  the  inhabitants,  their 
arms,  resources,  and  modes  of  organisation,  attack,  and 
defence.  Information  on  most  of  these  points  is  gene- 
rally useful  under  any  circumstances,  apart  from  purely 
military  considerations ;  and  although  it  is  essential  to  a 
military  route-report,  it  is  also  of  service  in  the  event  of 
any  engineering  or  mining  works  being  contemplated. 
In  drawing  up  such  reports  of  supplies,  shelter,  and 
accommodation,  care  should  be  taken  to  distinguish 
between  the  amount  available  on  an  emergency,  or  for  a 
permanence,  also  to  note  whether  the  people  are  dis- 
posed to  trade  or  otherwise,  and  whether  they  have  been 
spoilt  by  gratuitous  gifts,  or  deceived  by  false  promises 
or  inducements. 

Sometimes  route-surveys  form  part  of  a  scientific 
exploration,  in  which  case  the  geological  features,  the 
mineral  resources,  the  fauna  and  flora,  the  climate  and 
meteorological  conditions  of  the  country  are  sometimes 
the  most  important  subjects  of  observation ;  while  in 
others  the  anthropological  data,  the  personal  peculiarities 
of  the  people,  their  habits,  history,  customs,  superstitions, 
traditions,  ideas,  cleanliness,  prevalent  diseases,  virtues 
and  vices,  are  the  main  points  of  interest.  Under  such 
circumstances  the  duties  of  the  expedition  generally  fall 
rather  heavily  on  the  members  composing  it,  especially 
as  those  in  connection  with  the  mere  transit  and  arrange- 
ments for  passage  through  the  country  and  intercourse 
with  the  natives  form  serious  part  of  them. 

It  frequently  happens  too  that  the  mere  sight  of  sur- 
veying instruments  exercises  a  most  irritating  effect  on 
the  inhabitants,  who  may  look  on  them  as  forerunners 
of  annexation,  loss  of  independence,  or  religious  inter- 
ference.     Under  these  circumstances  the  survey-work 

u  a 
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and  the  observations  have  to  be  partly  camod  on  by 
stealth,  and  frequently  with  a  great  deal  of  hurry,  which 
is  very  prejudicial  to  good  work.  Sometimes  armed 
opposition  or  insatiable  demands  cannot  be  avoided,  but 
are  rather  increased  by  any  amount  of  tact  and  forbear- 
ance ;  in  this  case  prompt  and  severe  measures  must 
be  relied  on,  without  regard  for  the  opinions  of  those 
who  are  not  fully  acquainted  with  the  circumstances,  or 
are  opposed  to  the  success  of  the  expedition. 

These  and  other  similar  interruptions  and  difficulties, 
such  as  illness,  breakage  of  instruments,  loss  of  baggage, 
non-arrival  of  supplies,  detention  by  floods,  etc.,  may 
interfere  very  seriously  with  the  work  of  the  expedition, 
and  render  it  necessary  that  the  person  to  whom  the 
survey  is  entrusted  shall  be  not  only  capable  of  survey- 
ing, and  taking  astronomical  observations,  but  shall  also 
be  a  scientific  man  in  other  rcsiiocts,  a  fair  linguist, 
energetic,  active,  enduring,  courageous,  and  fertile  in 
resources  and  expedients. 

T/ic  TraviTsi---icork  of  an  itiiicraiy  survry  being 
dependent  on  compass-bearings  atid  measured  or  esti- 
mated distances ;  the  direction  of  the  meridian,  the 
magnetic  variation  of  the  compasses,  and  the  latitude 
and  longitude  should  be  daily  determined  at  starting 
and  closing  points  or  other  stations.  As  observations 
or  estimations  of  longitude  are  far  less  accurate  than 
those  of  latitude,  the  more  nearly  the  route  follows  a 
meridian,  the  more  correct  the  verification  ;  and  for 
the  same  reason  the  checks  in  longitude  afforded  by 
them  may  frequently  be  disregarded,  while  those  in 
latitude  may  not.  The  traverse-work  .should  be  made 
to  involve  the  smallest  possible  number  of  sights,  or 
changes  of  course,  within  practical  limits,  thus  making 
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the  lengths  of  straight  course  as  long  as  possible. 
For  measurement  of  distance  on  such  routes,  various 
forms  of  pedometer  have  to  be  depended  on  ;  and 
as  for  bearings  two  compasses  should  always  be  used 
to  check  each  other  for  both  forward  and  bacK 
bearings,  so  also  for  distances  two  pedometers  should 
be  used.  As  to  patterns  of  pedometer,  the  wheel- 
pedometer  is  good  on  smooth  and  level  ground,  while 
on  rough  and  hilly  routes  it  records  distances  in  ex- 
cess of  the  truth  ;  the  suspended  or  watch-pedometer, 
or  passometer,  which  records  the  number  of  paces  taken, 
gives  results  which  have  to  be  reduced  or  augmented  in 
accordance  with  the  nature  of  the  ground  ;  and  the 
length  of  pace  adopted  under  varying  conditions ;  it  is 
better  therefore  to  have  such  instruments  made  to  record 
the  number  of  paces,  than  the  number  of  miles  estimated 
by  the  instrument-maker,  and  then  suitable  allowances 
can  be  made  for  correction,  and  a  more  correct  mileage 
may  be  estimated. 

In  time-itineraries,  where  the  distances  are  merely 
estimated  from  the  recorded  times  of  departure  from 
and  arrival  at  certain  places  or  stations  in  the  route, 
special  attention  should  be  paid  to  the  variation  of  speed 
in  journeying  ;  some  measurements  should  occasionally 
be  taken  to  test  it,  both  on  the  level,  and  on  ascents 
and  descents.  The  beginnings  and  endings  of  ascents 
and  descents,  also  any  peculiarities  of  the  ground  ?nd 
circumstances  affecting  the  speed,  and  halts  and  delays, 
should  be  invariably  noted  in  the  record  ;  for  such 
causes  may  combine  to  vary  an  otherwise  equable  speed 
by  as  much  as  a  half. 

Again,  as  the  observed  bearings,  whether  taken  in 
degrees  or  more  roughly  in  points  of  ii|°,  should  fairly 
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represent  the  actual  directions  of  the  main  lines  tra- 
versed, it  is  advisable  to  take  these  when  clear  of  a  town 
or  of  any  exceptional  windings  of  route,  and  thus  reduce 
errors  due  to  such  causes  to  a  minimum.  In  any  case, 
however  rough  the  mode  of  estimating  distance  and 
bearing  may  be,  the  observations  themselves  should  be 
correct  within  the  capability  of  the  means  employed  ; 
otherwise  the  results  may  be  valueless  and  unfit  for 
reduction  to  plan  or  map. 

The  observations  for  latitude,  etc.,  should  invariably 
be  taken  with  the  utmost  precision  that  the  instruments 
admit,  and  as  some  of  them  are  sure  to  be  defective  and 
necessitate  rejection,  the  number  of  observations  should 
be  more  than  may  appear  exactly  sufficient.  The  eleva- 
tions of  various  points  on  or  near  the  line  of  route  are 
determined  by  di-tacJied  observation  with  aneroids  or 
hypsometcrs  ;  they  should  be  correct  within  20  or  25 
feet  of  tlie  truth.  A  small  amount  of  hill-sketching  in 
tJie  bolder  portions  of  the  country  is  also  necessary,  the 
bearings  of  principal  peaks,  passes,  and  marked  features 
being  taken  from  several  points  to  determine  their  [losi- 
tions. 

Tlie  principal  cause  of  error  in  all  such  compass 
traverses  is  the  neglect  of  allowances  for  corrections  under 
the  before-mentioned  heads,  also  for  magnetic  storms, 
local  magnetic  attraction,  and  general  diurnal  or  other 
thangc  of  magnetic  variation.  On  some  of  these  points 
information  may  afterwards  be  obtained  at  the  nearest 
magnetic  ob.scrvatory.  The  day's  traverse,  or  run  and 
course,  should  invariably  be  plotted  daily  on  a  sufficiently 
large  scale  on  one  plan,  and  the  corrected  traverse,  after 
reduction  to  fit  in  with  the  observed  latitudes  and  esti- 
mated   longitudes   on   another.      At   the   close   of  the 
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expedition,  when  further  information  may  be  forth- 
coming, the  whole  can  be  finally  worked  up  to  a  scale  on 
which  the  actual  errors  become  invisible,  thus  making  a 
final  correct  plan  of  the  route. 

The  formulae,  and  the  method  used  in  the  reduction 
of  compass  traverses  to  a  single  meridian,  already  fully 
explained  at  page  106,  are  adopted  in  reducing  the  set  of 
traverses  of  a  day*s  journey  to  a  resulting  total  difference 
of  latitude,  and  total  difference  of  departure  in  geo- 
graphical miles ;  other  formulae  in  connection  with 
geodetic  arcs  and  latitudes  are  given  at  pages  53,  54, 
and  exemplified  at  pages  63  to  66. 

The  following  sketch  of  a  route-survey  by  land 
comprises  a  portion  of  Thibet  explored  by  three  \  an- 
dits  ;  the  corresponding  records  Nos.  VI.  and  VII.  ol  the 
courses  traversed,  and  the  latitudes  and  elevations  ob- 
served, are  given  at  the  end  of  the  book.  The  whole  has 
been  taken  from  the  Indian  official  records,  as  affording 
a  better  illustration  of  such  operations  in  unexplored 
regions  than  anything  in  the  authors  possession  or 
experience.  The  tract  explored  includes  an  area  of 
18,000  square  miles,  the  total  distance  traversed  being 
850  miles.  The  error  in  longitude  amounted  to  only  2j- 
minutes  on  the  direct  traverse  of  160  miles. 

The  values  of  the  pace  used,  as  tested  by  difference 
of  latitude,  were,  that  of  the  first  pandit  between  Badri- 
nath  and  Gartok,  2*495  feet  ;  that  of  the  same,  between 
Gartok  and  Thok-Jalung,  2*512  feet ;  that  of  the  second 
pandit,  2634  ;  and  that  of  the  third  pandit,  2*495  feet. 
The  observations  for  latitude  were  190  in  number,  taken 
at  75  points.  Eighty  observations  of  altitude  were  also 
made.  The  check- bearings  on  the  various  mountain 
peaks   are  omitted  in    the   field-records    issued.      The 
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time  occupied  on  the  actual  work  was  about  five  months, 
and  from  the  dangerous  and  very  trying  climate  and 
circumstances  under  which  it  was  executed,  it  is  con- 
sidered one  of  the  exploits  in  surveying  of  modem  times. 
In  Navigation  the  traverse  representing  the  vessel's 
course  commences  on  leaving  sight  of  land  of  known 
position,  and  closes  or  is  checked  under  similar  con- 
ditions ;  the  course,  or  courses,  are  set  according  to  two 
or  more  compasses,  the  direction  being  most  generally 
estimated  roughly  in  points  of  1 1^",  while  for  the  actual 
true  course  allowance  has  to  be  made  for  deviation, leeway 
I  of  the  ship  itself,  winds  and  set  of  current,  the  estimation 
for  these  allowances  requiring  a  knowledge  of  the  sailing 
qualities  of  the  vessel,  and  of  the  local  currents  at  vari- 
ous places  in  various  seasons  ;  the  speed  of  the  vessel 
through  the  water  is  obscn-ed  by  means  of  the  patent 
log,  and  to  this  also  correction  must  be  applied  fur  con- 
trary or  favorable  sea-drift  and  incidental  currents,  in 
order  to  obtain  the  actual  absolute  speed  from  time  to 
time.  The  calculation  or  reduction  of  the  day's  set  of 
traverses  is  then  made  as  in  a  compass  traverse  (for 
ivhich  sec  page  ic6),  either  with  the  aid  of  Gen.  Boileau's 
we!l-knovs-n  traverse-tables,  or  with  a  table  of  sines  and 
cosines  ;  the  results  taking  the  form  of  a  difference  of 
latitude  and  a  difference  of  departure,  both  being 
denoted  in  geographical  miles. 

The  additional  calculations  at  sea,  beyond  those  of 
the  mere  reduction  of  traverse,  to  differences  of  latitude, 
and  departure  in  miles,  are  to  obtain  the  difference  of 
longitude,  the  day's  course,  or  mean  direction  followed  in 
the  traverse,  and  the  day's  run,  or  distance  estimated  in  this 
mean  direction  ;  these  may  be  calculated  on  either  of  two 
principles,  the  middle  latitude  or  the  Mercatorial  method. 
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By  the  middle  latitude  method,  the  formulae  are : 

difference  of  longitude =^'"^^''^"'^^  of  departure  x  radius 

cosin  mid- latitude 

. „  ^ „^     diff.  of  long:  X  cosin  mid-latitude 

tang,  course = t~^    ? > 

difference  of  latitude 

t..  difference  of  latitude  x  radius  , 

cosin  course. 

If  the  Mercatorial  method  be  adopted,  a  table  of 
Mercatorial  or  meridional  differences  of  latitude  must 
be  used,  and  the  formulae  are : 

j.ry-  c  \        »,  A       mer.diff.lat  X  diff.  of  departure 

difference   of  longitude= — _ --: — t--, ; 

difference  of  latitude 

.            .                  diff.  of  lonefitude  x  radius 
tangent  course  = ^ : 

men  diff.  latitude 

J.  ^             diff.  of  latitude  x  radius 
distance = : 

cosincourse 
Another  mode  is  to  obtain  the  course  first,  thus : 

,  -  diff.  of  departure  x  radius 

tangent  course  = ,  --  Vi — -—\ 5 

^  diff.  of  latitude 

and  afterwards  obtain 

j./v-               c  \       -i.  J       men  diff.  lat.  x  tang,  course 
difference   of  longitude  = ,. ^ ; 

radius 

the  distance  being  obtained  as  in  the  former  case. 

The  Mercatorial  method  is  well  suited  to  the  long 
distances  performed  at  sea  in  24  hours  by  steamers,  and 
ships  under  favorable  circumstances  ;  but  for  the  shorter 
distances  travelled  by  land  in  journeys  of  eight  or  ten 
hours,  the  middle  latitude  method  is  sufficiently  exact. 

The  resulting  differences  of  latitude  and  longitude 
are  checked  by  the  results  of  astronomical  observation, 
and  by  chronometers  keeping  Greenwich  time  ;  and  thus 
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the  error  in  position  can  be  known  within  certain  limits, 
even  if  the  position  itself  is  not  fixed  with  sufficient 
certainty  by  these  two  modes  of  determination. 

The  method  of  reducing  and  calculating  the  daily 
courses  of  a  vessel  is  illustrated  by  the  examples 
actually  worked  out  on  tJie  voyage  which  are  given  in 
Record  No,  V.  at  the  end  of  the  book. 

Plotting  the  Route. 

The  plotting  of  a  series  of  days'  joumeya  may  be 
made  for   nautical  purposes  on  charts  or  chart-paper, 

having  latitudes  and  longitudes  drawn  on  the  Mcrca- 
torial  principle.  These  however  possess,  what  is  in  the 
eyes  of  the  landsman  the  defect,  of  not  being  scaleable 
anywhere  with  any  scale  of  equal  parts  :  hence  for  the 
traveller's  purpose  it  is  generally  better  to  plot  routes  on 
maps  or  plans  with  the  latitudes  and  longitudes  laid 
down  on  the  more  simple  principle  shown  in  the  at- 
tached sketch. 

In  this  the  lines  of  latitude  are  all  equidistant  paral- 
lel straight  lines,  while  the  lines  of  longitude  are  con- 
verging straight  lines,  the  middle  meridian  alone  being 
at  right  angles  to  the  lines  of  latitude  ;  the  convergence 
is  laid  down  thus.  The  value  of  a  degree  of  longitude  in 
miles  at  the  upper  latitude/,  is  calculated  =  60  cos  £,  and 
these  degrees  are  laid  down  to  scale  on  the  upper  edge 
of  the  map  ;  the  value  of  a  degree  of  longitude  in  miles 
at  the  lower  latitude  /,'  is  calculated  =  60  cosin  L' ,  and 
these  degrees  are  laid  down  in  the  same  way  at  the 
lower  edge  of  the  map.  Tlie  corresponding  degrees  of 
longitude  above  and  below  are  then  joined  by  converging 
straigiit  lines.     Further  exactitude  may  be  obtained  by 
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laying  down  the  values  of  the  degree  of  longitude  at 
several  latitudes,  and  curving  the  meridians. 

Such  maps  admit  of  scaling  off  distances  in  geo- 
graphical miles,  and  afford  a  check  on  the  calculation  of 
course  and  distance ;  they  are  amply  accurate  for  the 
ordinary  purposes  of  route-survey  on  the  scales  usually 
adopted,  if  kept  within  the  limits  of  10°  or  1 2°  of  longitude. 

Expeditionary  Surveys. 

Although  Route-Surveys  by  land  are  generally 
of  the  foregoing  type,  there  is  yet  also  a  type  of 
General  Survey,  based  on  the  principles  of  trian- 
gulation  and  measured  base  lines,  that  is  sometimes 
adopted  in  connection  with  expeditions.  Of  this  nature 
was  the  Expeditionary  Survey  conducted  during  the 
Abyssinian  campaign  by  Captain  Carter,  with  some  other 
surveyors  of  the  Indian  Survey  Department  In  that 
case  the  tract  of  country  covered  about  7000  square 
miles,  extending  from  ten  to  fifteen  miles  on  each  side 
of  a  route  from  Annesley  Bay  to  Magdala.  The  method 
adopted  was  to  measure  a  base  line  at  about  every  forty 
miles  along  the  course,  to  triangulate  in  its  vicinity,  to 
connect  these  portions  by  lines  of  traverse,  and  to  fill 
in  detail  where  required  by  plane-table  work.  The  scale 
adopted  was  four  miles  to  an  inch.  The  first  base  line, 
measured  at  Zumaila,  was  about  three  miles  in  length  ; 
from  this  a  calculated  base,  about  eight  miles  in  length, 
beyond  the  hills,  was  arrived  at  by  triangulation,  and 
triangulation  thence  made  to  points  ten,  and  even  twenty 
miles  off.  The  instruments  used  were  a  portable  transit 
instrument,  three  six-inch  theodolites  with  eyepiece 
micrometers,  prismatic  compasses,  plane-tables,  a  set  of 
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chronometers,  an  aneroid  barometer,  and  some  hypso- 
meters.  The  work  effected  amounted  to  eight  observa- 
tions of  latitude  by  circum-meridian  altitudes,  and  six 
by  observation  on  the  pole  star,  five  azimuths,  fifty  time 
observations,  one  longitude  by  moon-culminating  star, 
and  one  by  the  moon's  zenith  distance. 

Five  base  lines  were  measured,  eight  triangles  com- 
pletely determined,  fifty  intersected  points  fixed,  and 
four  hundred  miles  of  traversing  done  with  the  subtense 
instrument ;  thirty  observations  of  height  taken  with  the 
theodolite,  and  fifty  with  the  thermometer.  The  time 
occupied  was  about  three  months. 

It  will  be  evident  to  anyone  who  has  read  the 
foregoing  chapters  that  such  combinations  of  ordinary 
triangulation  with  route-surveying  call  for  no  special 
explanation  or  information  that  may  not  be  equally 
well  treated  under  those  separate  heads,  and  that  any- 
one acquainted  with  the  two  branches  of  practice  seve- 
rally is  equally  competent  to  undertake  the  combination. 

Section  2.    Rough  AsTRONO^[ICAL  Observations. 

On  route-surveys,  as  well  as  occasionally  on  others, 
a  certain  amount  of  astronomical  observation  of  a  eoarse 
order  is  necessary,  and  this  also  involves  the  necessity 
of  a  fair  but  correct  smattering  of  knowledge  of  the 
subject,  and  of  sufficient  practical  ability  to  apply  it 
within  the  required  limits.  The  following  remarks  are 
accordingly  drawn  up  with  a  view  to  supply  the  minimum 
of  knowledge  with  which  it  may  be  done. 

Astronomical  observations  are  based  on  measure- 
ments of  time  and  space  in  arc  ;  the  observations  on 
which  the  greater  part  of  the  more  directly  practical  and 
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useful  calculations  depend  are  altitudes  of  heavenly 
bodies  and  their  times  of  transit  over  the  meridian  of  a 
place,  or  of  arriving  at  any  position  in  the  celestial 
concave  convenient  for  special  observation.  It  hence  is 
necessary  for  the  practical  observer  to  be  able  to  observe 
altitudes  and  correct  or  clear  them  of  all  sources  of 
error;  and  secondly,  for  him  to  have  the  means  of 
observing  and  recording  transits,  which  may  be  done 
either  by  recording  the  exact  moment  of  an  observed 
transit,  or  the  intervals  of  time  between  the  transits  of 
two  bodies.  In  the  former  case  the  observer  must  be 
possessed  of  the  correct  absolute  time,  and  in  the  latter 
must  possess  the  means  of  estimating  time  correctly  for 
comparatively  short  intervals  only ;  or  in  the  one  case 
he  must  have  a  tolerably  correct  chronometer  of  known 
error  in  good  order,  in  the  other  a  good  watch.  A 
chronograph  recording  to  tenths  of  seconds  is  also  a  use- 
ful adjunct,  and  is  almost  indispensable  to  those  unaccus- 
tomed to  subdivic'e  time  between  chronometer  beats. 

In  permanent  observatories  meridian  transits  and 
zenith  distances  may  be  observed  with  the  mural  circle, 
but  on  voyages  the  transit  is  generally  observed  with 
one  instrument  and  the  altitude  with  another.  The 
instruments  absolutely  necessary  under  the  latter  cir- 
cumstances consist  of  a  good  reflecting  repeating  circle 
or  a  sextant  in  good  adjustment,  an  artificial  horizon, 
barometer  and  thermometer,  and  a  portable  transit  in- 
strument with  two  stands,  the  second  one  being  for 
use  in  the  prime  vertical,  or  a  good  transit  theodolite, 
of  sufficient  width  between  the  supports  of  the  horizontal 
axis,  having  the  means  of  illuminating  the  cross-wires. 

At  sea  such  instruments  for  observing  transits  are 
dispensed  with,  and  angular  measurement  in  any  direc- 
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tion  with  the  sextant  acts  as  a  substitute.  There  is  no 
attempt  made  in  this  book  to  describe  or  explain  the 
handling  of  instruments,  for  the  reason  that  it  would 
be  a  waste  of  time  for  anyone  to  read  them.  A  few 
minutes'  experience  with  the  instruments,  aided  by  a 
competent  person  to  explain  their  manipulation,  is 
more  efficacious  than  hours  spent  in  poring  over  written 
explanations  of  them. 

In  addition  to  the  above  instruments  and  appliances, 
the  observer  should  be  provided  with  the  Nautical 
Almanac  for  the  year,  which  is  published  four  years  in 
advance,  and  gives  the  positions  of  the  more  important 
celestial  bodies  computed  to  Greenwich  mean  time,  and 
tables  of  some  of  the  more  useful  corrections,  also  with 
Tables  of  Six-  or  Seven-fijrure  Loj^arithms  of  numbers 
and  trijjonomctrical  ratios  for  calculating  to  seconds  ; 
and  with  Four-figure  Tables  of  Logarithms  of  trigono- 
metrical ratios  for  the  calculations  in  which  seconds 
may  be  dispensed  with  ;  also  with  Star-Charts,  and 
maps  or  charts  of  the  locality. 

It  is  of  course  a  considerable  advantage  to  be  pro- 
vided with  a  double  set  of  instruments  and  appliances,  as 
any  or  all  of  them  are  liable  to  damage  or  loss  in  travel. 

The  capabilities  of  the  traveller  or  route-surveyor 
may  be  limited  to  the  more  simple  observations  and 
calculations  for  obtaining  the  time,  the  latitude,  the 
longitude,  and  the  direction  of  the  meridian. 

The  Time. 

If  the  observer  has  a  good  chronometer  giving  nearly 

Greenwich  mean  time,  and  cither  gaining  orlosiiig  steadily, 

he  can  calculate  Greenwich  mean  time  for  the  moment  of 

any  observation  he  may  take ;  if  not,   he  has  to  be  re- 
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peatedly  and  continually  finding  the  time  and  correcting 
his  timepiece  by  observation  on  celestial  bodies  whose 
apparent  positions  are  given  in  the  Nautical  Almanac ; 
while  in  the  former  case  he  need  check  his  chronometer 
only  occasionally. 

The  time  adopted  in  the  Nautical  Almanac  is  astro- 
nomical time  reckoned  from  and  to  mean  noon  at 
Greenwich  ;  civil  time  is  twelve  hours  in  advance  of 
astronomical  time  ;  and  nautical  time  is  twelve  hours  in 
advance  of  civil  time.  Hence  the  nautical  day  ends  at 
the  noon  when  the  astronomical  day  of  the  same  date 
begins,  or,  as  the  sailors  say,  the  Nautical  Almanac  is 
always  a  day  behindhand.  The  nautical  day,  like  the 
civil  day,  is  divided  into  two  periods  of  twelve  hours,  dis- 
tinguished by  A.M.  and  P.M.;  but  the  astronomical  day  con- 
sists of  twenty-four  hours,  counting  from  noon  to  noon. 

For  example : 

The  civil  time,  April  20th,  9  o'clock  A.M.,  is,  by 
astronomical  time,  April  19th,  21  o'clock. 

The  civil  time»  April  20th,  4  o'clock  P.M.,  is,  by  astro- 
nomical time,  April  20th,  4  o'clock. 

In  the  same  way  also : 

The  nautical  time,  July  20th,  10  o'clock  A.M.,  is,  by 
astronomical  time,  July  19th,  22  o'clock. 

The  nautical  time,  July  20th,  3  o'clock  P.M.,  is,  by 
astronomical  time,  July  19th,  3  o'clock. 

(Nautical  time  will  probably  be  eventually  abolished.) 

Mean  solar  time  (whether  civil,  nautical,  or  astro- 
nomical), being  a  purely  artificial  arrangement,  based 
on  an  average  day  in  the  year,  or  an  average  interval 
between  two  consecutive  passages  of  the  sun  over  the 
meridian  of  a  place,  instead  of  an  actual  real  intervaf 
which  gives  apparent  local  time ;  the  equation  of  time 
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(which  is  given  in  the  Nautical  Almanac),  or  difference 
between  apparent  and  mean  time,  is  the  correlation 
necessary  in  reducing  observations  made  with  apparent 
local  time  to  mean  local  time ;  the  latter  may  then  be 
compared  with  Greenwich  mean  time  for  the  same 
moment,  and  the  difference  between  them  is  the  longi- 
tude of  the  place  of  observation  expressed  in  time. 
Apparent  local  time  might  be  obtained  most  simply  by 
observing  the  moment  of  transit  of  the  sun's  centre  over 
the  middle  wire  of  a  transit  instrument  fixed  in  the 
plane  of  the  meridian ;  that  moment  is  apparent  local 
noon.  {The  observation.however, would  require  correction 
for  instrumental  adjustments ;  for  this  read  the  para- 
graph on  the  adjustment  of  the  Transit  Instrument) 
The  result  would  then  be  reduced  to  mean  time  by  apply- 
ing the  equation  of  time  ;  and  if  it  is  just  hefore  noon,  by 
adding  twelve  hours  and  altering  the  date  it  is  reduced 
to  astronomical  time ;  if,  however,  it  is  just  after  noon, 
the  date  and  hour  remain  unchanged  in  astronomical  as 
in  civil  time.  At  sea,  where  the  moment  of  apparent  local 
noon  is  important,  the  process  is  more  rough  ;  as  the  sun 
mounts  in  the  sky  to  about  the  same  altitude  as  it  was 
at  noon  on  the  preceding  day,  the  chief  mate  shouts  to 
the  sailing-master,  '  It's  topping,  sir,'  and  the  skipper 
gets  ready  his  sextant ;  when  the  sun  just  appears  to 
get  stationary  without  ascending  or  descending,  the 
altitude  i.s  observed  with  the  sextant,  the  chronometer 
time  i.s  noted,  and  that  is  taking  a  meridian  altitude  at  sea, 
and  fixing  local  apparent  noon.  The  more  precise  way 
of  doing  this  is  to  take  several  observations,  recording 
altitudes  and  times  both  just  before  and  just  .Tfter  the 
sun  tops,  and  to  interpolate  the  mean  as  a  check  on  llie 
apparent  noon  indicated  by  a  maximum  altitude. 
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Sidereal  time  corresponds  to  right  ascensions  of 
celestial  bodies  in  the  same  way  as  solar  time  corre- 
sponds to  terrestrial  longitudes,  the  former  being  reckoned 
from  the  first  point  of  Aries,  or  the  intersection  of  the 
ecliptic  with  the  equator,  the  latter  from  the  meridian 
of  Greenwich  ;  the  one  being  convertible  into  the  other 
by  expressing  hours,  minutes,  and  seconds  of  time  by 
their  equivalents  in  degrees,  minutes,  and  seconds  of 
measure  of  the  circle,  thus  i  hour  =15°,  i  min.=  is', 
I  sec.  =  15''. 

The  interval  between  two  successive  transits  of  a 
star  over  the  meridian  of  a  place  is  a  sidereal  day,  and 
represents  correctly  the  time  of  one  revolution  of  the 
earth  on  its  axis.  A  sidereal  day  of  24  hours  sidereal 
time  is  thus  equal  to  23h.  56m.  4"092s.  of  mean  solar 
time.  As  right  ascensions  are  expressed  in  sidereal 
time,  observatory  clocks  are  regulated  to  keep  to  it,  and 
they  thus  show  the  right  ascension  of  the  meridian  of 
the  place  at  any  moment. 

If  therefore  a  transit-instrument  be  correctly  ad- 
justed to  the  meridian  of  a  place,  the  transit  of  a  star  or 
planet  across  its  mean  wire  fixes  the  moment  when  its 
right  ascension  in  time  is  true  sidereal  time  for  the 
place.  The  right  ascensions  and  declinations  of  the 
principal  stars  and  planets  are  given  in  the  Nautical 
Almanac  for  various  intervals  of  time,  and  can  hence  be 
interpolated  for  any  date ;  the  annual  variation  of  the 
right  ascensions  and  declinations  of  stars  being  small, 
the  proportional  part  for  any  date  can  be  obtained  by 
applying  the  fraction  of  the  year  corresponding  to  the 
date  ;  this  is  also  given  in  the  Nautical  Almanac. 

The  two  above-mentioned  processes  afford  the  means 
of  checking  or  correcting  either  local  mean  solar  time, 
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or  local  sidereal  time,  or,  using  both  operations,  of 
checking  one  by  the  other  and  comparing  the  clock 
with  the  chronometer ;  they  happen,  however,  generally 
to  assume  either  that  the  meridional  direction  has 
been  already  carefully  determined  or  approximately 
arrived  at.  In  the  case  of  mean  soSar  time  being 
required  to  be  deduced  from  observations  on  the  moon, 
stars,  or  planets,  and  their  right  ascensions  given  in  the 
Nautical  Almanac,  it  must  of  coun^e  be  always  borne  in 
mind  that  the  Sidereal  Time  of  Mean  Noon,  or  moment  for 
ison  of  time  given  in  the  Nautical  Almanac  for 
astronomical  day,  must  be  reduced  to  the  local 
In  by  applying  the  acceleration  due  to  longitude, 
adding  it  for  west  and  subtracting  it  for  east  longitude. 
The  reduction  of  the  right  ascensions  in  the  Nautical 
Almanac  to  the  given  moment  can  be  effected  by  simple 
proportion,  even  in  the  extreme  ca.se  of  the  moon,  whose 
right  ascensions  are  given  for  every  hour. 

The  method  of  observing  the  sun  at  equal  altitudes 
before  and  after  noon  avoids  t!iis  difficulty  ;  it  may  be 
roughly  done  as  follows.  Set  up  a  transit-theodolite  in 
perfect  adjustment  with  its  vertical  circle  clamped  to  an 
altitude  of  .some  even  number  of  degrees  or  minutes  ex- 
ceeding that  of  the  sun  at  some  time  in  the  morning  ;  when 
the  sun  rises  to  this  altitude,  note  the  time  and  altitude, 
and  take  some  more  similar  observations  in  the  morning 
at  other  convenient  altitudes,  without  moving  the  instru- 
ment throughout  the  day;  in  the  afternoon  observe  a  set 
of  times  and  altitudes  corresponding  to  the  former  in 
number  and  altitude.  The  mean  of  the  times  of  all  the 
observations  will  be  nearly  apparent  local  noon,  but  a 
correction  has  to  be  applied  on  account  of  the  change  of 
ihe  sun's  declination  in  the  interval  between  the  mean 
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of  the  morning  set  of  observations  and  the  mean  of  the 
afternoon  set. 

The  calculation  of  this  correction  is  based  on  the 
following  principle.  Let  SS*  be  a  circle  of  declination, 
PZ  a  meridian  of  the  place,  and  aaa  a  circle  of  altitude 
in  the  attached  figure  39.    If  the  declination  remains  un- 


FiGURE  39.     Correction  for  Equal  Altitudes. 

changed  in  the  interval  under  consideration,  the  polar  dis- 
tance PS^  in  the  afternoon  remains  =  PS,  the  polar  distance 
in  the  morning ;  but  if  the  declination  has  decreased, 
the  polar  distance  P^  has  increased,  and  is  greater 
than  PS ;  while,  under  contrary  circumstances,  Psy  the 
new  polar  distance  is  less  than  PS  ;  the  corresponding 
changes  of  declination  being  represented  by  ds'  and  os, 
and  the  corresponding  required  corrections  being  repre- 
sented by  the  arcs  0' S\  oS  on  the  circle  of  declination  ; 
while  ZP  is  the  complement  of  the  latitude  of  the 
place. 

Then  if  ;r=the  required  correction  in  angular  seconds 
^=  change  of  declination  in  the  interval, 

P=the  angle  5Py,and  2= polar  distance  7^5 
x^d  f  cotg  colatxcosec cotg  G^cotg    -]. 
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This  result,  after  dividing  by  fifteen  to  reduce  it  to 
seconds  of  time,  must  be  added  to  the  half-interval  be- 
tween the  times  of  observation  in  the  morning  and  in 
the  afternoon,  when  the  distance  of  the  celestial  body 
from  the  elevated  pole  has  increased,  but  subtracted 
when  that  distance  has  diminished. 

As  to  the  declinations  themselves.  First,  for  the  sun, 
the  declination  is  given  in  the  Nautical  Almanac  both 
for  apparent  noon  and  for  mean  noon,  with  differences 
for  one  hour ;  the  difference  for  any  interval  can  then  be 
applied  to  obtain  the  required  reduced  declination  for  any 
I  corresponding  moment.  The  time  used  in  the  Nautical 
Almanac  being  Greenwich  time,  the  local  time  of  observa- 
tion must  first  be  reduced  to  the  corresponding  Greenwich 
time  by  applying  the  longitude  expressed  in  time;  the 
difference  of  declination  for  the  interval  will  be  cither 
added  to  or  subtracted  from  the  noon  declination  useii  ac- 
cording as  the  declination  is  incrca.sing  or  decrcasinij,  or  as 
the  Greenwich  date  precedes  or  follows  the  nearest  noon. 
Secondly,  for  the  moon,  whose  declination  is  given  for 
every  hour,  and  for  the  planets,  whose  declination  is  given 
for  every  day  at  mean  noon,  the  reduction  is  effected  in 
the  same  way.  Thirdly,  the  declinations  of  certain  stars 
are  given  for  January  1st,  with  their  annual  variations, 
to  which  the  fraction  of  the  year  can  be  applied  as  for 
right  ascensions,  as  before  explained. 

The  method  of  equal  altitudes  is  highly  accurate,  and 
is  independent  of  previous  observations. 

A  more  common  and  coarser  method  of  finding  the 
time,  assumes  that  the  latitude  is  known,  and  is  based 
on  a  single  altitude.  The  observation  is  made  on  a 
celestial  body  of  known  declination,  when  on  or  near 
the  prime  vertical,  that  is,  nearly  due  east  or  due   west 
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of  the  observer,  as  under  those  circumstances  the  ap- 
parent motion  in  altitude  is  greatest,  and  thus  gives 
most  precision  in  result. 

Two  or  three  such  altitudes*  taken  with  a  sextant  or 
a  reflecting  repeating  circle,  either  from  the  sea  horizon 
or  from  an  artificial  mercury  horizon,  are  corrected  for 
index  error,  horizon,  refraction,  and  parallax,  and  their 
mean  obtained  ;  the  complement  of  this  is  then  the 
co-altitude,  or  zenith  distance,  forming  a  side  of  the 
spherical  triangle  under  consideration ;  the  correspond- 
ing times  of  observation  and  their  mean  are  also  noted. 

Now  the  quantity  required  is  the  interval  in  time 
between  the  azimuthal  direction  of  the  celestial  body  and 
the  meridian  of  the  observer,  which  is  represented  in  an- 
gular measurement  by  the  angle  ZPS  in  the  attached 
figure  40,  where  Z  is  the  zenith,  P  the  elevated  pole,  5 
the  sun  or  star. 


Figure  40.    The  Hour-angle. 

The  three  sides  of  the  triangle  ZPS  are  given,  for 
ZS  is  the  zenith  distance  or  co  altitude,  ZP  is  the  co- 

*  For  explanation  of  the  process  of  taking  and  correcting  altitudes,  see 
the  following  paragraph  on  Latitude, 
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latitude,  and  PS  the  distance  of  the  celestial  body  from 
the  elevated  pole  is  equal  togo  +  its  declination. 
Then  if  the  required  hour-angle  ZPS  =  h, 
/=thc  latitude 
/=the  polar  distance 
a  =  tlie  altitude 

,,   cos  \  ifi  +  l+a)  .  sin  ^  (p  +  /-a) 
cos  / .  sin/ 

The  obtained  hour-angle  is  then  reduced  to  its 
equivalent  in  time,  which  is  the  interval  between  the 
Jtiine  of   observation    and    the   time  of  apparent  noon, 

whether  earlier  or  later  as  the  case  may  be,  according  aS 
the  celestial  body  was  rising  or  falling  at  the  time  of 
observation.  The  difference  one  way  or  the  other  be- 
tween twenty-four  hours  and  the  interval  in  time  is  the 
apparuiit  local  time  of  the  observation,  and  if  this  be 
corrected  by  applying  the  equation  of  time,  the  result  is 
the  true  local  time  of  tJie  observation.  This,  compared 
with  the  recorded  time  shown  by  the  chronometer,  shows 
thcchronometcrcrrorat  the  moment  of  mean  observation. 

This  last  method  differs  from  the  former  in  that  it 
utilises  the  altitudes  observed,  instead  of  neutralising 
them;  they  hence  require  careful  correction.  This  subject 
is  explained  in  the  following  paragraph  on  Latitude. 

These  methods  of  finding  the  time  arc  illustrated  by 
examples  following  the  explanation  of  this  branch  of  the 
subject. 

In  addition  to  the  above,  the  following  is  a  con- 
venient and  ready  mode  of  checking  from  time  to  time 
the  rate  of  a  watcli  or  chronometer  that  is  known  to  go 
fairly.  Having  chosen  some  easily  found  familiar  star 
(and  a  second  one  as  a  reserve  when   required)  obsei-\-e 
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and  note  its  altitude  when  near  the  prime  vertical  by 
sextant  or  reflecting  circle  and  artificial  horizon  ;  and 
note  the  time  by  the  watch,  supposed  in  the  first  instance 
to  be  corrected  by  results  of  previous  observations. 

If  the  rate  of  watch-error  is  to  be  found  every  three, 
seven,  ten,  or  fourteen  days,  set  the  angular  instrument 
to  the  angle  noted  on  the  required  day,  and  observing 
the  same  star,  note  the  time  of  passage  by  the  watch. 
For  acceleration  of  the  star  in  mean  time  subtract  3 
minutes  55*908  seconds  for  every  day  in  the  interval 
between  the  two  observations  from  the  time  noted  at  the 
first  observation  ;  the  difference  will  be  the  correct  time 
for  the  second  observation.  Compare  this  calculated 
time  with  the  observed  time  to  obtain  the  error  gaining 
or  losing  in  the  interval,  and  thence  deduce  the  daily 
rate  of  gain  or  loss  for  the  watch. 

TJie  Latitude, 

The  simplest  mode  of  obtaining  the  latitude  is  by 
observing  the  meridian  altitude  of  any  celestial  body 
whose  declination  is  given  in  the  Nautical  Almanac ;  the 
sum  of,  or  the  difference  between,  the  meridian  altitude 
and  the  declination,  will  give  either  the  latitude  or  the 
complement  of  the  latitude. 

The  following  is  a  rule  that  avoids  hesitation  among 
the  four  cases.  Subtract  the  corrected  altitude  from  90"^, 
and  thus  obtain  the  true  zenith  distance,  which  is  then 
marked  as  north  or  south,  according  as  the  zenith  is 
north  or  south  of  the  celestial  body  ;  then,  if  the  de- 
clination is  similarly  marked  in  the  Nautical  Almanac, 
the  sum  of  the  two  is  the  latitude,  marked  in  the  same 
way,   but  if  the   declination  is  differently  marked,  the 
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difference  will  be  the  latitude,  and  will  be  marked  either 
north  or  south  like  the  greater  of  the  two  arcs  employed. 

This  method  of  obtaining  the  latitude  is  the  most 
common  one  ;  it  depends  on  a  single,  or  on  a  mean  of 
several,  closely  following,  observations  of  altitude,  which 
hence  must  be  fully  corrected  to  obtain  a  true  altitude. 

The  principles  on  which  these  corrections  are  based 
require  examination  in  detail. 

In  the  first  place  the  Instrumental  correction  for  in- 
dex error,  if  any,  must  be  applied,  although  the  sextant 
or  circle  may  be  in  good  adju.stment.  The  resulting  angle 
should  then  be  divided  by  two  if  an  artificial  horizon 
has  been  used  ;  but  if  the  sea  horizon  has  been  used  a  cor- 
rection for  dip  must  be  siijiplicd,  which  may  be  obtained 
from  tables,  or  calculated.  The  eye  of  the  observer  being 
at  a  certain  height  (li)  above  the  true  horizon,  the  horizon 
is  hence  depressed  in  proportion  to  that  height,  but  this 
is  also  modified  by  terrestrial  refraction,  which  renders 
the  correction  uncertain  in  amount,  and  hence  to  be 
avoided  whenever  possible.  Its  value  is  nearly 
^  2h 
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when  r  is  the  radius  of  the  earth,  and  it  is  subtractive. 

The  remaining  corrections  for  altitudes  to  be  applied 
aftcnvards  arc  three  in  number  ;  first  for  refraction, 
second  for  parallax,  and  third  for  semi-diameter. 

Refraction  is  due  to  the  effect  of  the  atmosphere 
11  bending  a  ray  of  liglit,  thus  forcing  us  to  see  a 
celestial  object  at  an  apparent  elevation  which  is  higher 
than  its  true  position  ;  hence  the  correction  for  refrac- 
tion must  be  subtracted  from  the  observed  altitude.  Its 
amount  varies  with  the  tangent  of  the  zenith  distance 
of  the  body  observed,  but  also  depends  on  the  humidity, 
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density,  and  temperature  of  the  air,  and  is  hence  very 
variable.  In  England  the  amount  is  nearly  zero  for 
observations  in  the  zenith,  and  about  57*82  seconds  for 
altitudes  of  45°,  and  about  33  minutes  for  the  horizon.  It 
is  generally  obtained  from  tables,  and  modified  by  ob- 
servation ;  hence  the  need  of  recording  the  meteoro- 
logical condition  at  times  of  astronomical  observation. 

Tfu  correction  for  Parallax  is  the  reduction  of  verti- 
cal angles  observed  on  the  earth's  surface  to  a  position 
at  the  centre  of  the  earth,  a  mean  terrestrial  position 
convenient  for  reference.  This  correction,  if  necessary, 
is  always  to  be  added  to  the  observed  altitude.  In  ob-. 
servations  of  the  stars  it  is  inappreciable,  but  in  those 
of  the  sun  and  planets  the  small  angles  by  which  the 
parallax  is  measured  may  be  used  without  the  interven- 
tion of  their  sines,  though  the  correct  formula  for  the 
parallax  (/)  at  any  altitude  {A)^  is 

sin /= sin  Hx.  cos  A^ 

where  H  is  the  horizontal  parallax,  which  is  given  in  the 
Nautical  Almanac  for  the  sun  for  every  seven  or  ten 
days,  and  for  the  planets  for  every  day. 

In  observations  of  the  moon,  which  is  so  much  nearer 
the  earth,  the  increase  and  diminution  of  the  earth's 
radius  at  various  latitudes  has  its  effect  on  the  parallax 
of  observations  taken  at  such  latitudes.  The  equatorial 
horizontal  parallax  (/*)  for  the  moon  is  hence  given  in 
the  Nautical  Almanac  for  every  Greenwich  mean  noon 
and  midnight ;  while  for  any  latitude  (/)  the  true  hori- 
zontal parallax  must  be  computed  by  the  formula 


H=p{i~^i) 


where  c  is  the  denominator  of  the  fraction  representing 
the  compression  of  the  earth  at  that  latitude.     Tables 
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exist  which  effect  this  computation  ;  there  is,  hoi 

the  further  necessity  of  modifying  these  results  to  suit 

the  altitude,  in  accordance  with  the  former  formula. 

7/u-  correction  for  Si^Mi-^iatne/er.  —  Altitudes  being 
generally  observed  to  the  upper  or  lower  edge  or  limb 
of  the  larger  heavenly  bodies,  the  angular  value  of  the 
semi-diameter  must  be  added  or  subtracted  to  reduce 
the  observation  to  the  centre. 

The  semi-diameters  are  all  given  in  the  Nautical 
Almanac  for  every  day  ;  but  in  the  special  case  of  the 
moon  the  semi-diameter  (s)  given  is  that  when  she  is  in 
the  horizon  ;  this  has  to  be  further  corrected  for  the  alti- 
tude of  observation,  as  she  draws  nearer  the  observer  as  she 
mounts  in  the  sky,  by  adding  to  it  the  following  amount 
=j^(o'O0OOig  X  sin  A')  where  A'  is  the  altitude  already 
corrected  for  everything  up  to  and  inclusive  of  parallax. 

These  corrections  must  be  applied  to  all  similar 
observations  of  altitude  whose  values  arc  utilised  in 
calculation,!  Apparent  altitudes  differ  from  true  alti- 
tudes in  being  uncorrected  for  refraction  and  parallax. 
In  the  foregoing  method  of  determining  latitude,  the 
altitude  is  dependent  on  the  accuracy  of  a  single  obser- 
vation at  an  exact  time  ;  it  is  better  therefore  to  have 
two  instruments  and  two  observers  acting  simultaneously 
as  checks  on  each  other. 

When,  however,  all  the  work  is  done  by  one  observer, 
who  does  not  wish  his  rusiilt.s  to  depend  on  a  single 
meridional  altitude,  he  may  take  several  altitudes  at  a  few 
minutes  before  and  a  few  minutes  after  the  meridional 
passage,  and  then  deduce  a  mean  altitude  for  a  moiiieiit 
differing  by  a  small  interval  of  time  from  the  mean  time 


'  A  silinll  si:t    of 
'  Pockel  LojjarilhHis  ' 
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of  apparent  noon.  A  small  extra-meridional  correction 
has  then  to  be  applied,  which  is  based  on  the  approxi- 
mate latitude  (L)  and  the  declination  (P)y  and  is  equal  to 

cos  L  .  cos  D    versin  h 
x ^ 

sin  {L-\^D)         sin  i''  ' 

where  k  is  the  hour-angle  for  the  mean  interval.  In  the 
event  of  the  celestial  object  being  the  sun,  moon,  or 
any  planet,  the  allowance  for  change  of  declination  in 
the  interval  must  also  be  made. 

A  second  method  of  determining  the  latitude  consists 
in  observing  the  greatest  and  least  altitudes  of  a  circum- 
polar  star  ;  the  mean  of  these  is  the  altitude  of  the  pole 
which  is  the  latitude  of  the  place.  If,  however,  the 
circumpolar  star  is  one  whose  declination  is  given  in  the 
Nautical  Almanac,  and  whose  polar  distance  can  thus 
be  obtained,  a  single  altitude  at  its  inferior  passage  may 
be  sufficient,  in  which  case  the  latitude  is  equal  to  the 
sum  of  the  corrected  altitude  and  the  polar  distance. 

A  third  method  of  determining  the  latitude,  applic- 
able to  northern  latitudes  only,  consists  in  observation 
of  the  altitude  of  the  pole  star  at  any  time,  whether  in 
the  meridian  or  not.  Tables  for  this  purpose,  with  ex- 
planation, are  given  in  the  Nautical  Almanac,  and  are 
hence  unnecessary  here. 

To  determine  t/ie  Meridian, 

I.  Bisect  the  horizontal  angle  formed  by  two  positions 
of  a  star  or  of  the  sun  when  arriving  at  the  same  altitude 
in  the  east  and  in  the  west,  and  bring  this  direction  down 
vertically  by  plumb-line  or  otherwise  to  the  ground,  and 
mark  it  firmly.  At  night  a  light  showing  through  a  hole 
in  a  board  is  convenient  for  this  purpose. 
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2.  The  mean  between  the  eastern  and  western  elonga- 
tions of  a  circumpolar  star  is  the  meridional  direction, 

3.  At  the  moment  when  a  truly  vertical  circle  cuts 
both  the  pole  star  and  the  star  Alioth  {s  Ursie  Majoris) 
this  direction  is  the  meridian, 

4.  If  it  be  preferred  to  make  use  of  some  easily 
fixed  and  found  position  for  an  instrument,  and  also  of 
some  conspicuous  object,  such  as  a  church-spire,  for  refer- 
ence at  any  subsequent  time,  the  azimuth  of  this  latter 
may  be  obtained  by  means  of  the  mean  of  the  angles 
made  with  it  by  the  e.xtrcme  positions  of  stars  explained 
in  methods  Nos.  i  and  2, 

S-  If  the  latitude  is  known,  and  the  sun  or  a  star  of 
known  declination  be  observed,  a  single  altitude  will 
suffice,  and  the  azimuth  may  be  calculated  by  the 
same  process,  as  time  is  found  from  a  single  altitude, 
the  required  angle  in  this  case  being  Z  instead  of  P 
(see  the  figure) ;  for  PZS  is  the  supplement  of  tlie 
azimuth. 

6.  The  variation  of  the  compass  being  simply  the 
variation  of  the  magnetic  from  the  true  meridian,  any  of 
the  above  methods  for  obtaining  either  the  true  meri- 
dian or  a  correct  azimuth  of  a  fixed  object  enable  it  to 
be  obtained  from  them  ;  but  at  sea  it  is  usually  found  by 
observing  the  bearing  of  the  sun  at  sunrise  and  at  sun- 
set, or  when  it  is  a  semi-diametor  above  the  horizon,  as 
this  allows  roughly  for  refraction, 

7,  If  the  true  azimuth  of  the  sun  be  required  at  any 
time  at  sea,  it  can  be  calculated  from  the  altitude  (a). 
the  polar  distance  {p).  and  the  latitude  {/),  in  the  same 
triangle  as  the  hour-angle  {see  figure  40)  by  the  formula 

,  2_cos  \{p  +  l^a).<io^\{J,-l~a) 
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The  Longitude, 

1st.  The  difference  of  longitude  is  most  easily  and,  if 
the  places  are  not  very  distant,  also  most  exactly  deter- 
mined by  means  of  good  chronometers  that  gain  or  lose 
steadily  and  equably.  If  a  chronometer  giving  true  local 
mean  time  at  one  place  be  conveyed  to  another  place 
whose  local  mean  time  is  accurately  observed  and 
compared  with  that  of  the  transferred  chronometer,  the 
difference  between  these  two  local  times  is  the  difference 
of  longitude  between  the  two  places  expressed  in  time, 
after  making  allowance  for  the  gaining  or  losing  of  the 
transferred  chronometer. 

The  longitude  in  time  is  reduced  to  longitude  in  arc 
by  multiplying  severally  the  hours,  minutes,  and  seconds 
of  time  by  fifteen,  and  thus  converting  them  into  degrees, 
minutes,  and  seconds  of  arc. 

Comparing  timepieces  is  a  matter  that  requires  a 
little  practice,  more  especially  when  the  number  of  beats 
to  a  second  is  different  in  each  of  them.  The  mode  is 
to  listen  to  the  beats  of  both  timepieces  while  watching 
them,  and  counting  those  of  one  of  them  up  to  the 
exactly  coincident  beat,  when  the  time  by  the  first  time- 
piece is  immediately  recorded,  and  the  counting  of  the 
beats  of  the  other  commenced  and  kept  up,  till  by  seeing 
its  hand  at  some  conspicuous  division,  the  minutes  and 
hours  of  the  latter  can  be  noted  by  eye.  The  exact 
moment  of  coincidence  can  then  be  fully  recorded. 

2nd.  When  chronometers  fail  or  require  checking, 
and  when  from  any  cause  a  telescope  cannot  be  adjusted 
to  the  meridian,  as  at  sea,  the  method  of  lunar  distances 
may  be  employed  ;  this,  if  all  the  observations  and  the 
rather  long  calculation  be  very  accurately  performed, 
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enables  the  longituiic  to  be  obtained  witli  certainty  to 
within  twenty  miles. 

The  direct  observation  of  lunar  distance  may  be 
true  to  30  seconds  with  tolerable  certainty  ;  taking  this 

amount  of  error  as  a  guide  to  results,  it  will  occasion  a 
ditTcrcncc  of  one  minute  in  time,  or  of  fifteen  angular 
minutes  in  longitude,  while  the  errors  inherent  in  the 
corrections  for  refraction  will  certainly  produce  more 
than  five  minutes'  more  error,  or  20  minutes  in  all. 

In  the  event  of  calculated  altitudes  being  used  in- 
stead of  observed  ones,  there  is  then  the  liability  to 
error  in  juxta-mendional  cases  from  the  assumed  latitude 
on  which  they  depend,  or,  in  other  cases,  from  error  in 
time. 

It  has  been  asserted  that  by  this  method  the  lon- 
gitude may  be  obtained  from  a  set  of  such  obscr\-a- 
tion.s  to  within  ten  mile;,  on  the  supposition  that  the 
errors  will  compensate  each  other  in  the  mean  ;  this 
cannot,  however,  be  justified,  as  means  of  sets  simply 
have  the  result  of  diminishing  the  effect  of  the  worst 
observations,  while  they  also  diminish  that  of  the  best. 
It  is  hence  waste  of  labour  to  attempt  by  this  method 
to  get  results  nearer  than  the  limit  above  mentioned. 

In  making  use  of  the  moon's  motion  to  determine 
longitude  under  the  above  circumstances,  its  po.sition 
mu.st  be  determined  at  the  moment  of  observation  by 
its  angular  distance  from  some  known  heavenly  body 
measured  with  a  .sextant  or  reflecting  circle,  while  the 
true  altituilcs,  both  of  the  moon  and  of  the  star,  sun  or 
planet  observed,  are  also  necessary  for  the  same  moment. 
The  Nautical  Almanac  gives  for  every  three  hour.s  of 
Greenwich  mean  time  the  distances  of  the  monn  frnni 
the  sun,  tlie  planets,  and  certain    principal  .stars  ;  lieiicc 
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the  observer  can  find  the  Greenwich  mean  time  corre- 
sponding to  the  ascertained  lunar  distance,  while  the 
difference  between  this  and  the  true  local  mean  time  is 
the  longitude  estimated  from  Greenwich  expressed  in 
time,  which  can  then  be  reduced  to  angular  measure- 
ment, as  before  explained. 

The  most  convenient  mode  of  conducting  this  obser- 
vation at  sea  is  to  have  three  observers  with  three  instru- 
ments, so  that  the  two  altitudes  and  the  lunar  distance 
may  be  perfectly  simultaneous ;  the  lunar  distance  re- 
quires correction  for  semi-diameter  and  for  refraction, 
while  the  observed  altitudes  must  be  corrected  as  before 
explained  in  the  paragraph  on  latitude.  The  lunar  dis- 
tance itself  requires  most  precision,  as  one  second  of 
error  in  observation  causes  about  two  minutes  of  error 
in  longitude.  The  calculation  necessary  is  best  illus- 
trated by  example,  for  which  refer  to  the  collection  of 
examples  at  the  end  of  this  chapter. 

When  one  observer  alone  is  available,  the  lunar  dis- 
tance is  observed,  and  the  two  altitudes  may  be  calcu- 
lated ;  the  latitude  in  this  case  must  be  known,  the  right 
ascension  and  declination  of  the  celestial  object,  and  the 
sidereal  time  of  mean  noon,  if  the  object  is  other  than 
the  sun  ;  so  also  by  previous  observation  the  local  time. 
Having  these,  the  two  zenith  distances  must  be  calcu- 
lated for  the  same  moment,  and  corrected  for  refraction 
and  parallax  to  get  the  apxparent  zenith  distances.  This 
calculation  is  the  converse  of  the  problem  before  ex- 
plained for  determining  the  hour  angle.  (See  figure  40.) 
In  this  case  ZS  is  one  true  zenith  distance  required  for 
the  given  time,  ZP  is  the  given  meridian  zenith  distance 
for  the  same  object  obtained  from  the  latitude  and  decli- 
nation, and  ZPS  is  the  hour-angle ;  then  ZP,  PS,  and  the 
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1  hour  angle  P  are  given,  and  ZS  is  the  side  required, 

\  The  formulae'  required  and  used  in  the  Example  are 

I  h 


zps 

sin''i)=sin*  .  cos  lat.  cos  decl. ; 

2 

sm^  -  =sin'ZJ  +  sio"  — -— ;  whenceZ5=«, 
2  2         '  ' 

and  the  required  altitude=90— a. 


The  other  method  for  the  single  observer  involves 
his  observing  the  altitudes  also ;  in  this  case  he  must 
take  several  sets  of  observations,  noting  the  times  of 
each,  and  using  the  means  of  the  observed  times  and 
lunar  distances.  Each  set  of  observations  will  then 
include,  first,  an  observed  altitude  of  the  star  used  ; 
:ond.  an  observed  altitude  of  the  moon  ;  third,  the 
unar  distance  itself,  or  several  reduced  to  a  mean  dis- 
ance  for  a  mean  time ;  fourthly,  the  altitude  of  the 
moon  ;  and  fifthly  the  altitude  of  the  same  star  or  celes- 
tial body.  The  required  altitude  of  either  moon  or  star 
corresponding  to  the  time  of  the  mean  lunar  distance 
can  be  obtained  by  interpolation  from  the  difl'crcnces 
of  times  and  differences  of  altitude.  The  time  inter- 
vening between  the  two  observations  of  altitude  of 
the  moon  should  be  as  short  as  possible,  on  account  of 
the  rapid  change  of  declination. 

If  it  is  required  also  to  fix  the  time  simultaneously, 
it  is  advantageous  to  have  cither  the  moon  or  the  other 
celestial  object  near  the  prime  vertical  ;  and  if  several 
lunar  distances  arc  observed,  it  is  also  better  to  choose 
celestial  objects  that  are  about  the  same  distance  from 
the  moon,  but  on  opposite  sides  of  it,  thus  neutralising 
the  effect  of  certain  errors  in  those  pairs  of  cases. 

'  .O  is  a  mcri;  in  termed  ialu  anglo  in  tlio  calculalion. 
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The  lunar  distance  itself  is  measured  between  the 
moon's  bright  limb  and  the  nearest  limb  of  the  other 
celestial  body,  and  corrected  for  the  semi-diameters  of 
both.  When  the  altitudes  of  the  moon  and  the  star 
are  very  unequal,  the  effect  of  refraction  on  each  semi- 
diameter  will  be  different,  and  the  correction  for  semi- 
diameter  does  not  admit  of  accurate  determination 
even  with  the  aid  of  tables.  It  is  usual  to  avoid  such 
cases  when  possible.  Thus,  if  in  the  attached  figure 
41,   RV  is   the   difference  of  altitudes  o{  M  and    F, 


.>PV 


^J! 
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Figure  41.    The  Lunar  Distance. 


representing  the  projection  of  moon  and  the  planet 
or  star,  if  the  angle  VMR  is  greater  than  30**,  or  if 
either  altitude  ^^  or  ^'  F'  is  less  than  15^  the  case  is 
unsuited  to  very  accurate  calculation. 

The  calculation  for  lunar  distances  may  be  made  with 
the  aid  of  special  Lunar  Tables,  which  give  many  pages 
of  special  tables  for  this  purpose ;  but  these  are  gene- 
rally very  intricate  and  confusing.  The  more  natural 
plan  is  to  make  use  of  ordinary  tables  of  logarithms^ 

Y 
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and  a  more  self-evident   mathematical  method,  as  fol- 
lows.'   Let  a  and  ^  be  the  apparent  altitudes,  and  a'  0' 
the  true  altitudes  of  the  star  and  moon  respectively,  and 
•/the  apparent  lunar  distance,  and  ff  =  i{a  +  ^+7). 
1-1.  ■   .  n  COS  a'  COS  ff  . 

Then  sm'/Jscos  o-,  cobp-t. ~"5"  > 

'     cos  a  cos  p 

.     •    ,    l'            iO'  +  (9'-,n  I 

and  sin*  -'  =cos* sin' iJ 

2  2 

whence  y,  the  true  lunar  distance,  is  obtained. 

It  is  hardly  necessafy  to  add,  that  at  sea  an  indistinct 
horizon  would  prevent  the  adoption  of  observed  altitudes 
and  render  calculated  altitudes  necessary  as  before  ex- 
plained. 

In  this  class  of  calculation,  the  involved  computation 
of  time  is  often  unavoidably  tedious ;  but  as  regards  the 
clearing  of  the  lunar  distance  itself,  far  too  many  dif- 
ficulties have  been  made.  The  problem  consists  mathe- 
matically in  the  reduction  of  an  arc  that  undergoes 
change  due  to  the  corrections  in  the  two  altitudes.  The 
corrections  are  due  to  two  causes,  refraction  and  parallax. 
First  as  to  refraction  ;  the  barometric  and  thermometric 
readings  enable  this  to  be  calculated  (see  table  of  al- 
titude-corrections in  the  Pocket  Logarithms)  within 
moderate  limits  of  accuracy ;  beyond  these,  it  must  be 
noticed  that  such  readings  are  true  for  the  actual  posi- 
tion of  the  observer  only,  while  the  visual  ray,  affected 
by  refraction,  passes  through  atmosphere  under  other 
conditions,  hence  the  estimated  corrections  for  refraction 
in  altitude  cannot  be  absolutely  correct.  It  would,  how- 
ever, be  an  error  to  adopt  mean  refraction  in  preference, 
and  thus  arrive  further  from  the  truth  ;  while  it  would 
be  equally  unwise  to  make  use  of  such  Lunar  tables  as 
*  J>'isK  mere  inlenncdiaie  angle  in  the  calculation. 
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merely  arrive  at  corresponding  results  through  a  circuitous 
blind  method. 

Secondly,  as  regards  the  parallax  of  the  moon,  which 
varies  with  the  position  of  the  observer.  The  compres- 
sion of  the  earth  at  any  latitude  is  not  absolutely  known 
by  formula,  the  earth  being  an  irregular  spheroid ;  but 
a  close  approximation  may  be  used  in  the  reduction  of 
the  parallax. 

Thirdly,  with  respect  to  semi-diameters  in  inclination, 
the  limit  before  mentioned  regarding  difference  of  alti- 
tudes can  be  generally  adhered  to,  and  a  star  may  be 
observed  in  preference  to  the  sun. 

Finally,  when  a  lunar  distance  is  observed  under 
favourable  circumstances,  so  that  calculated  results  may 
possibly  be  true  to  seconds  of  arc,  seven-figure  logarithms 
should  be  employed  in  reducing  the  calculation. 

Under  any  circumstances,  when  a  telescop^e  can  be 
set  to  an  altitude  or  directed  to  the  zenith,  another 
method  should  be  employed  in  preference. 

3rd.  Lunar  Transits. — The  use  of  a  portable  transit* 
instrument,  set  up  in  the  planq  of  the  meridian,  enables 
this  more  accurate  method  of  determining  longitude  to 
be  adopted  on  land,  even  if  the  timepiece  available  is 
rather  faulty,  as  it  merely  requires  the  measurement  of 
a  short  interval  of  time. 

There   are   certain   stars   having   nearly   the   same 

declination  and  right  ascension  as  the   moon,  that  are 

termed  moon  culminating  stars,  which  may  be  seen  and 

recognised  when  the  sun  happens  not  to   be  too  near. 

The  Nautical  Almanac  gives  the  right  ascensions  and 

declinations  of  these  stars,  also  the  right  ascension  of 

the  moon's  bright  limb  and  the  declination  of  her  centre 

at  the  instant  of  their  respective  transits  at  Greenwich. 

Ya 
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Since  then  we  have  the  computed  times  of  transit  over 
the  Greenwich  meridian  of  both  the  moon  and  a  moon 
culminating  star,  and  can  observe  at  any  place  with  the 
transit  instrument  and  a  good  watch  the  times  of  transit 
of  the  same  two  bodies,  the  difference  between  the  com- 
puted Greenwich  interval  and  the  observed  local  inter- 
val in  time  is  proportional  to  the  longitude. 

The  moon's  right  ascension  being  discovered  by 
observing  her  transit,  and  her  position  being  given  for 
each  hour  of  mean  time  of  the  meridian  of  Greenwich 
in  the  Nautical  Almanac,  the  corresponding  Greenwich 
time  may  be  found  by  a  simple  proportion  ;  but  as  an 
observation  would  be  effected  on  the  bright  limb,  the 
right  ascension  recorded  in  sidereal  time  must  be  cor- 
rected for  semi-diameter,  either  added  or  subtracted. 
This  short  period  varies  inversely  with  the  distance  of 
the  moon  and  the  cosine  of  her  declination  ;  but  as  this 
interval  is  given  in  the  Nautical  Almanac  for  the  upper 
;md  lower  transit  on  the  Greenwich  meridian,  an  inter- 
mediate quantity  may  be  adopted  in  proportion  to  the 
approximate  longitude  of  the  place  of  obser\'ation. 

These  methods  of  obtaining  longitude  are  illustrated 
by  examples,  in  the  next  section. 

T/ic  Adjustments  of  the  Transit  histrtimenf. 
In  the  foregoing  pages  of  this  chapter,  which  are 
intended  merely  as  a  guide  to  such  rough  astronomical 
observations  as  may  be  useful  on  route-surveys,  the  use 
of  the  portable  transit  instrument  in  the  plane  of  the 
meridian  has  been  referred  to  as  applied  to  the  two  simple 
cases  of  finding  the  sidereal  time  and  observing  lunar 
transits.  The  transit  may,  however,  also  be  used  for 
determining  latitude  by  observation  on  the  sun  or  a  star  in 
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the  Prime  Vertical,  at  right  angles  to  the  meridian  ;  in 
this  case  a  second  stand  is  extremely  useful,  as  it  enables 
the  instrument  to  be  moved  from  one  to  the  other. 

In  obtaining  latitude  by  this  method,  a  correct 
timepiece  is  unnecessary,  but  the  approximate  time 
is  required,  and  the  approximate  longitude.  At  the 
moment  that  the  sun  or  star  arrives  at  the  Prime  Vertical 
its  altitude  is  observed  and  corrected  {A),  its  declination 
{D)  is  obtained  with  the  help  of  the  Nautical  Almanac, 
and  the  latitude  (IJ)  is  obtained  by  the  formula : 

sin  Z  =  sin  Z>  X  cosec  A . 

Under  any  circumstances  the  transit  instrument 
should  be  put  in  as  good  adjustment  as  possible,  and 
even  in  route-survey  work  it  is  sometimes  necessary  to 
compute  and  apply  corrections  on  account  of  defective 
adjustment. 

First  as  to  the  adjustments  themselves. 

Collimation, — The  line  of  sight  through  the  centre 
wire  must  be  exactly  at  right  angles  to  the  turning  axis 
of  the  telescope  ;  this  is  checked  by  observing  on  some 
distant  object  with  the  centre  wire,  and  then  reversing 
the  instrument  in  its  Y's  or  supports,  and  repeating  the 
observation  ;  half  the  difference  in  the  relative  position 
of  the  object  should  be  corrected  by  using  the  colli- 
mating  screws. 

Level, — The  turning  axis  of  the  telescope  should  be 
truly  level.  To  check  this,  use  the  striding-level,  whose 
scale  is  graduated  usually  to  units  equal  to  fifteen  seconds 
of  arc,  and  read  the  scale  at  both  ends,  then  reverse 
the  level  and  again  read  the  scale  at  both  ends,  thus 
obtaining  four  readings  ;  then  the  required  correction  to 
be  applied  by  turning  the  levelling  screw  is  one-fourth 
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of  the   difference   between   the   sum   of  the   two   east 
readings  and  the  sum  of  the  two  west  readings. 

Azimuth. — The  two  preceding  adjustments  having 
been  made,  the  centre  wire  will  describe  a  true  vertical 
circle  when  the  telescope  turns  on  its  turning  axis  ;  but 
even  if  the  instrument  was  originally  set  up  exactly  to 
the  meridian,  these  adjustments  have  affected  this,  and 
the  resulting  deviation  in  azimuth  must  be  adjusted  by 
turning  the  azimuth  screw.  This  requires  much  pre- 
cision, which  can  only  be  arrived  at  by  measuring  the 
length  of  the  axis  of  the  instrument  and  correcting  the 
number  of  threads  in  an  inch  of  the  screw  effecting  the 
adjustment.  This  will  enable  the  observer  to  judge  of 
the  effect  of  one  revolution,  and  to  know  how  much  to 
turn  the  screw  for  the  amount  of  movement  required. 

It  is  usual  to  set  up  or  fix  some  distant  terrestrial 
object  {a  pole  bearing  a  serrated  cross-bar},  in  the  meri- 
dional direction  by  observation  on  a  circumpolar  star  at 
its  eastern  and  western  elongations.  To  check  this,  when 
the  instrument  is  set  up  it  is  usual  to  observe  the  upper 
and  lower  transits  of  a  circumpolar  star.  The  interval  of 
time  between  them  should  be  exactly  twelve  hours  of  side- 
real  time  ;  if  not  the  observed  intervals  will  indicate  to 
which  side  tlte  deviation  in  azimuth  lies;  as,  if  the  western 
inter\'al  {i.e.  that  between  the  upper  and  the  lower  transit) 
be  too  small,  the  deviation  is  to  westward  of  the  pole, 
and  the  converse. 

To  obtain  the  actual  value  of  the  angular  error  in 
azimuth,  observe  the  upper  transit  of  one  circumpolar 
star  5  in  the  attached  figure,  and  the  lower  transit  of 
another  circumpolar  star  j,  not  differing  very  considerably 
from  the  former  in  declination.  If  then  ZSs  be  the 
incorrect  meridian  of  observation  of  the  instrument,  and 
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ZPH  the  true  meridian  passing  through  the  pole  P ;  the 
angle  Z  represents  the  error  in  azimuth,  Ps^  PS,  are  the 


Figure  42.     Error  in  Azimuth. 

polar  distances  of  the  stars  5  and  s  ;  ZP  is  the  colati- 

tude,  then 

.     y>_sin  Ps .  sin  PS  .  sin  SPs 

^^"      ""  "sin  {Ps  +  PS) .  sin  ZP  ' 

The  value  of  the  angle  SPs  in  this  expression  varies 
according  as  the  deviation  is  east  or  west ;  if  -^,  r  be 
the  right  ascensions,  and  T,  t  the  observed  times  of  tran- 
sit of  the  stars  5,  s  respectively,  for  the  case  of  a  devia- 
tion east, 

5/^j=24-{(ie-r)-(r-/)} 

and  for  the  case  of  a  deviation  west, 

5/^j=(ie-r)-(r-/); 

also  since  the  angle  Z  is  a  very  small  angle,  and  the 
angle  SPs  a  very  large  one,  their  sines  may  be  dispensed 
with,  and  the  angles  or  supplements  used  instead. 

These  three  adjustments  for  collimation  level  and 
azimuth  can  be  perfected  only  by  repeated  approxima- 
tion ;  any  errors  left  remaining  should  be  noted  for  use 
in  applying  corrections  to  any  observations  that  may  be 
taken  afterwards. 

The  correction  (c)  for  collimation  error  to  be  applied 
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is  thus  obtained.  Fix  a  permanent  scale  on  the  distant 
terrestrial  meridian  mark,  which  is  suited  to  the  distance; 
Then  fifteen  seconds  of  arc  to  the  radius  expressed  by 
the  distance  will  be  equivalent  to  one  second  of  time  in 
the  error  ;  the  equatorial  collimation  correction  (f)  being 
thus  obtained,  the  correction  (c)  for  transits  of  other 
bodies  having  other  declinations  will  be 

c=e.sccD, 
and  must  be  marked  either  E  or  IV,  as  the  case  may  be. 

T/fi;  correction  for  level  error  (I)  to  be  applied  is  thus 
obtained.  Let  «  be  the  inclination  of  the  turning  axis 
to  the  horizon  shown  by  the  level  ;  then  the  transit  of 
any  celestial  body  xvhose  altitude  is  A  and  declination 
is  D  is  affected  to  the  extent  of  the  following  value, 

/=  H .  sin  ^  .  sec  D. 
As,  if  II  be  expressed  in  units  of  fifteen  seconds  each,  / 
will  be  in  seconds  of  time,  the  divisions  on.'^triding-Jevcis 
are  generally  made  equal  to  i-^  seconds  of  arc,  or  a  tenth 
of  a  second  in  time. 

T/ie  correction  for  asimiith  error   (a)     affecting   the 
transit  of  any  celestial'  body  having   a   declination    D 
at   an  altitude  A  is  expressed  by  the  following  formula, 
where  (;'=the  azimuthal  deviation  before  determined. 
a  =  d. cos  A  ..sec  D. 

'file  care  of  chronometers  requires  special  attention 
on  journeys  or  routc-sur\'cys  by  land  or  sea.  The  fol- 
lowing are  the  principal  points  in  which  care  is  required 
in  transit  and  manipulation. 

1.  The  chronometer  should  be  kept  as  much  as  pos- 
sible in  an  equable  temperature,  free  from  jerks,  swinging 
motion,  and  changes  of  position. 

2.  It  should  always  be  wound  up  at  the  same  hour, 
and   in  the  same  manner,  by  steadily  turning  the  key 
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only  for  a  sufficient  number  of  counted  times,  the  last 
two  being  wound  very  gently. 

3.  Every  opportunity  of  checking  its  error  and  rate 
of  gaining  or  losing  should  invariably  be  taken  ;  and  the 
results,  together  with  pressure,  temperature,  and  weather, 
should  be  recorded  for  reference. 

4.  The  method  of  comparing  chronometer  and  time- 
pieces before  described  should  be  invariably  adopted. 


Section  3.    Explanatory  Examples. 

These  examples  may  be  worked  out  with  the  help  of 
ordinary  trigonometrical  tables  and  formulae;  a  collection 
of  the  latter  is  given  at  pages  54  and  55  of  Part  I. 
For  altitude  corrections,  see  Section  4,  Part  IV. 

The  Time, 

I.  By  meridian  observation  of  the  sun. 

Febraary  23,  i860. 

The  moment  when  the  sun  arrived  at  its  highest,  or  when  it  was  on  the 
meridian  of  the  place,  was  shown  by  a  watch  or  chronometer  to  be 

12  h.  4  min.  54  sec. 

Now  the  local  time  of  mean  noon  was  12  h.  o  min.    o  sec. 

and  the  equation  of  time  for  the  date  was 
Hence  the  local  time  of  apparent  noon  was 
And  as  the  watch  was  then 
the  error  of  the  watch  was 


n 

41 

12 

13 

41 

12 

4 

54 

8 

47 

2.  By  equal  altitudes  of  the  sun. 

The  following    are    the    times  recorded    by  chronometer. 
74°  20' ;  on  February  10,  i860. 


slow. 


Altitude 


Wirei 

Preceding  limb  in  Morning 

Wires 

In 

Afternoon. 

(I) 

9h. 

,  27  min. 

7  87  sec. 

(5) 

2h 

.  44  min. 

5*25  sec. 

(2) 

9 

28 

3*50 

(4) 

2 

44 

59-50 

(3) 

9 

28 

5950 

(3) 

2 

45 

55-50 

(4) 

9 

29 

5525 

(2) 

2 

46 

5025 

(5) 

9 

30 

49-25 

(I) 

2 

47 

4640 

Mean  wire  9 

28 

59-05 

Mean 

2 

45 

55-30 

giving  noon  by  chronometer  to  be  12  h.  7  min.  27*17  sec 
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Win>      FaUowii 


ID 

9h.  32min.  34i5s«. 

(S)         2 

h.38m 

n.  33  50S"- 

(21 

9      33           3' 73 

(4)         a 

39 

30-(» 

(3) 

9      34           iS-So 

(3)         » 

40 

»6«> 

(4) 

9      35           2600 

(2)           I 

41 

23-75 

(5) 

9      36           2*50 

(1)         2 

42 

300S 

Mean  wire  9      34           28'6o 

Mean     2 

40 

a57S 

(•ivinii  not 

7  mill.  2767  sec. 

Them 

eflil  of  the  two  sets  of  obsetvau 

on*  gives  1 

h.    7- 

in.  27'4a 

Instni  mental  cutreclions 

-17-09 

Corrected  mean 

I 

a        7 

io-3i 

And  using  the  equation  of  liDic,n.pp.  n 

K)n  was  al  I 

a      14 

3013 

Hence  the  error  of  the  chroDomeler  wii 

7 

19-S01I0W 

3,  To  determine  by  a  single  altitude  the  true  mean 
time  at  sea  on  November  4,  1863  ;  (I.)  in  the  morning 
and  {II.)  in  the  afternoon. 

I.  At  approximately  8.30  a.m.,  in  latitude  46°  4s'  N,  the  corrected  alti- 
tude of  the  sun  was  12°  59' ;  the  equation  of  time  16  nun.  1;  sec.  ;  the 
sun's  declination  i5°i9'23"  less  i'48"=  i5»  i7'35". 


To  calculate  the  hour-angle 

Altitude 12=^ 

59' 

L.coscc.  polar  distance      .                    .      105" 

18' 

001567 

L.sec.  latitude            .          .          .          .        4G 

45 

016419 

L.eos.  half  sum         ....       82 

31 

91 1474 

L.iin.  remainder      ....       69=" 

3^' 

9-97168 
19-26628 

I/.Ssin -ofhalftlichour-angleis^  26' 49* 

9'i33U 

Equivalent  hour-angle  in  lime  is       3  ti.  33 

lin 

25  sec. 

24 

20       36 

25 

Equation  of  time               .         .           -16 

17 

True  mean  local  time        .         .     20      jo 

og 

or  in  civil  time  was       .         .8      20 

8  instead  0 

II.  At  approximately  3.30  p.m.,  in  latitude  47 

N.,   the  CO 

iHitudcof  Ihesun  waa  lo°55';    the  sun's  deelinati 

n  1 

''l9'23"plL> 

^  1 5' 33' 52"- 
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To  calculate  the  hour-angle  h. 

Altitude 10®  55' 

L.cosec.  polar  distance     .         .         .     105    23 

0-01585 

L.sec.  latitude                   .         .        .       47    22 

0*16922 

L.  cos.  half  sum        .                          .       81®  5</ 

915245 

L.sin.  remainder      .         .         .         •       7^    55' 

9-97545 

• 

19-31297 

Log  sin  -  of  half  the  hour-angle  26**  57^43" 

9*65648 
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Equivalent  hour-angle  in  time  is         .  3  h.  35  min.  42  sec. 

Equation  of  time  .         .         .         .  —16  17 

True  mean  local  time        .         .         •  3       19  25 

Or   the   civil    time  was,    instead    of 

3.30  p.m 3       19  25        p.m. 

4.  To  determine  error  of  chronometer  by  a  single 
observation  of  the  sun  on  February  22,  i860,  in  lat. 
Si°23'36"N. 

h.  min.      sec. 

Sun's  declination        .         •    =9  59    39*5      Following  limb  observed. 
Time  of  transit  over  mean 

wire        .         .         .         .     22  24    30 

Corr. level,  coll.,  and  azimuth  —  0-23 

22  24    29-77 
Passage  of  semi-diameter  in 

sidereal  time  ...  I       5*95 

22  23    23*82 
Sun's  Right  ascension  for  date 

and  j^ace                 .         .     22  24      9*50 

Clock  error         .         .         .  45*68    Slow. 


Comparison  of  Chronometer  with  Clock, 

h.      min.      sec. 
Mean  of  clock  error  is         .  44*86    Slow;    clock   gaining  0*2 

sec.  daily. 
Times  of  comparison :  clock      7    48    35  On  February  22. 

44*86 
True  time  by  clock  .       7    49     19*86     Sid.  time. 

Chronometer  .         .         .       9    32    30*5      M.  solar  time. 
Sid.  time  at  mean  noon  pre- 
ccdin    at  Greenwich  was    2a      6    29*82 


33=                                FOl'TESUHVEyx 

1.. 

mill 

«c 

Change  of  R.A.  for  i  hour 

-  9'5*8,  change  for  a  min. 

10  sec.  of  E.  longitude^ 

9Sa8 X  -036   . 

■34 

Si<l.    time   M    mean    noon 

Incalty   ....    23 

6 

29 '48 

Compl.  of  14  houfs    .              I 

53 

30-53 

7 

49 

igS6 

Sid.  time  of  comparison  nller 

mean  noon      ...       9 

42 

50-38 

Equiralenlinmeansolartimc      9 

41 

14-89 

9 

32 

30-5 

F.iTor  of  chronometer,  filow 

8 

44-39 

S.  To  find  the  mean  time  of  apparent  noon,  February 
33,  i860.  Given,  longitude  2  min.  10  sec.  E. ;  chrono- 
meter error  &'^y"-^6  ;  rate  losing  daily  4"-6o. 


The  Is 


lofsi 
IS  340°  I 


«ith  .iJ 


limb  28°  2 

0'57"-9;  and  Ihc  cor 

ccled  altitude 

28"  35' 2  5" -45 

of  observa 
ows: 

.on  and  their  ditTeren 

es  from  that  u 

apparent  no^ 

The  lime 

)f  apparent  niiim 

'1    "0'"     o"'' 

Equation 

of  time  at  Grecnwicli 

13       41  -22 

Coneclio 

-0'35Jx  4-6 .1-60 

M.T.  ofappnrenl  nonn 

2        13        1I-2J 

Chronom 

8     4756 

App.  noo 

n  by  chronome,.. 

2          4       53-67 

Timr. 

nifff^fuKs 

Vfisui,!-.in  .■ 

1st 

12         8      48 

i    51-33 

2906 

12      10      31 

5     37 

6202 

31,1 

12       II      49 

6    55 

94-05 

4ih 

8       1-83 

126-60 

5lh 

12      14      285 

9     3483 

iKo-ig 

6ih 

12       15      36 

10    42-33 

2;5'0[ 

Mean  of 

nlervals 

r.;,.      ^t.- 

or  M.T 

of  apji.  noon  W.   . 

7     27-49 

M9-t>3 

Ailowanc 

e  for  long.  E.    . 

2       10 

Time  of 

observation   on   sim, 

\V.  cf 

ner.  of  (;reeni*ioh    . 

5     '7-49 
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The  Latitude, 

I.  At  sea  on  November  4,  1863;  the  latitude  was 
required  at  8.20  a.m.,  at  noon,  and  at  3.20  p.m.,  dependent 
on  an  observation  of  the  sun  in  the  meridian  ;  the  sun 
and  the  place  being  on  opposite  sides  of  rhe  equator. 


The  observed  meridian  altitude   . 
Corrections  for  dip,  refr.  par,  and  semid. 
Corrected  meridian  altitude 


Zenith  distance  . 
Declination 
Latitude  at  noon 


Correction  for  3  h.  and  40  min.  . 
Latitude  at  8.20  a.  m. 


Correction  for  3  h.  20  min. 
Latitude  at  3.20  p.m. 


27^ 

24' 

+  10 

27 

34 

90 

62 

26  N. 

-15 

21  S. 

47 

5N. 

-0 

20 

46« 

45' N 

+  0 

17 

47° 

22' N 

2.  On  shore  in  longitude  2  min.  lo  sec.  E. ;  the  lati- 
tude was  required  on  February  23,  i860;  the  mean  time 
of  apparent  noon  being  5  min.  17*49  sec.  by  chronometer. 

(See  The  Time,  Example  5  for  time.) 

.      90  59'  39^-5 


Declination  at  Greenwich .        .        .        . 

Change  of  Declination,  55*09  per  hour,  for 

the  time 


484 


Decln.  corrected  to  M.T.  of  observation    .  9    59  34*66 

Mean  altitude 28    20  57  '90 

Refraction  fur  this  alt.                 .  —I  5170 

Parallax +  7-65 

Semi-diameter +  16  1 1  *6o 

Correction  given  below              .         .         .  i  23*55 


Colatitude 
Latitude  . 


38    36    2366 
51''  23'   36''*34  Nr 


B^h^l^^^^H^I 
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Formula  for  carrtclioH. 

M6i.co»0,vert* 

L,  co!i  approximale  latitude 

L.  cos  approximate  declinalion    . 

At.  coonp.  L.  sin  len.disl.   . 

Log  "9-63ve™n^  +  »in  1" 

Log  rale  losing  4»    .... 

9-79518 
9-99336 

■OSS48 
2-07784 
-0000s 

1.0E  cortKiion  83-55  -  i-a3"-s5  ■        ■ 

1-92191 

T}ie  Asimuih. 

1.  At  sea.  at  S  h.  20  min.  a.m.  on 

November  4,  1863,             1 

ill  latitude  a,^"^^'  N..  the  corrected 

altitude  of  the  sun             1 

was  I2°S9',  and  its  corrected  declination   1 

S'"7'3S";re-            1 

quired  its  true  azimuth. 

\ 

L.sec  altilude 
Polar  distance  . 
L.sec.  latitude 


Tnic  aiimulh  50°  : 


16419 

IM74 
-964S0 

■S49S 
62749 


2.  At  sea,  at  3  h,  20  min.  p.m.  on  November  4,  1863, 
in  latitude  47''22'  N.,  the  corrected  altitude  of  the  sun 
was  io°55',  and  its  corrected  declination  15°22'52" ; 
required  its  true  azimuth. 


Tfue  aiimuth  52"  31'  o"  \V. 


19-29183 
9-64591 
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The  Longitude, 

I.  Finding  the  longitude  at  sea  by  lunar  distance. 

(Example  taken  from  Thomson's  Lunar  Tables.) 

Apparent  time  of  ship,  March  25,  i  h.  38  min.  18  sec. 
Approx.  lat.  N,,  15°  42'*$;  approx.  long.,  72°  40'  E. 
Bar.  297;  therm.  76;  height  of  eye,  17  feet;  index  error,  -5. 
Sun's  alt.  61°  56';  moon*s  alt.  U.L.  47°  34'  E.  of  meridian. 
Distance  of  sun  west  of  moon,  69°  45'  53". 


Time  by  chron.,  25th 

h.  m.  sec. 
I   38   18 

App.  long,  in  time 

-4  50  40 

Red.  equa.  of  time 

+  6    4 

Greenwich  M.T.,  24th    . 

20  53  42 

Red.  S.T.M.N.,  25th    . 

0  II  23 

Sun's  obs.  altitude 

di  56    0 

Semi-diameter 

16    3 

Dip       .         .         .         . 

-4     I 

Sun's  app.  alt. 

62    8     2 

Moon's  obs.  alt.  U.L.     . 

0     t    II 
47  34  00 

Red.  semi-diameter 

14  59 

Dip       .         .         .         . 

-4     I 

Moon's  app.  alt.     . 

47  15  00 

Red.  parallax 

36     I 

For  therm.     . 

3 

Moon's  true  alt. 

47  51     4 

Moon's  red.  P.D.  . 

67  15  40 

Latitude 

15  42  30 

Half  sum 

■  65  24  37 

Difference 

.   17  33  33 

h.    m.  sec. 

Hour-angle,  W. 

.21      3    18 

Moon's  red.  R.A.  . 

.     4  52  44 

Sum  less  24  h 

I  56    2 

Sid.  T.M.  noon,  25th 

II  23 

Sid.  h  from  noon   . 

.     I  44  39 

Retard. . 

-17 

Mean  time  of  obs.  . 

.     I  44  22 

Obs.  lunar  distance 

0  /  // 
69  45  53 

Index  error    . 

-5 

Moon's  red.  semi.  . 

14  59 

Sun's  semi.    . 

16    3 

App.  lunar  distance 

70  16  50 

Clearing  lunar  distance  performed 

in  Example  3. 

True  lunar  distance 

0  /  ,// 
69  41  24 

Dist.  N.A.  18  h.  24th    . 

68  22  58 

Difference  from  N.A. 

I  18  26 

h.  m.  sec. 

Corresponding  interval   . 

2  53    8 

Correction  N.A.     . 

-»•  I 

G**.  time  from  N.A. 

18    0    0 

Mean  G^.  time,  24th 

20  53    9 

Mean  time  of  ship,  25th 

I  44  22 

Longitude  in  time  .      E. 

4  51  n 

Longitude  in  arc    .      £. 

72  48  15 

Logs 

•03514  l.cosec. 

•01653  l.sec. 

•61923  l.cos. 

•47950  1-sin. 

915046 


( In  this  example  the  moon's  true  altitude  should  be  diminished  by 
53"  for  refraction  ;  the  total  refraction  being  5o\  See  corrections  in 
Example  3.) 
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2.  Fimling  the  longitude  at  sea  by  lunar  distance. 

(liximplc  taken  from  ThooisoD'i  l.unai  Tibici,) 

AppMcnt  ihip  lime.  March  15,  6  h.  51  min.  3a  sec. 
Appmx.  l«l.  N.,  15°  53';  approx.  long.  E.,  71'  40'. 
Rsrom.  (ig"-?;  therai.  71°;  height  of  eye,  iS  feet :  index  cttor,  —  F] 


RUr-i  alt.  49" 

4'  E.  of  meridian; 

moon's  all.  L.L.  jS' 41'. 

OUmnceoru 

u  ReguluE  E.  of  mo 

on.  71' 14' as"- 

h.  ia.«c 

App.  ehron.  lime 

2S<h 

6  5130 

Obs.  lunar  distance         .  71"  14  15 

App.lo,^.m.[m 

-4  SO  40 

Semid.  remold.    .         .     -1$     I 

Red.  eq.  of  time 

t6oo 

.\pp.  lunar  diitance        .  70  S9  IJ 

G».  M.T.,  as'b 

J    7  SO 

Red.  S.T.M.M.. 

»ith 

0  It  aj 

Tmc  lunar  distance        .  70"  33'  ao 

Stars  obs.  all. 

49    4    0 

Disl.  N.A.  noon,  15th   .   71   33  44 

Dip       .         . 

-4    8 

Difrerencefroni  N..\.       .      1      3  34 

Corr.  so",  ihvtm 

-2 

-0  48 

h    Bi  «c 

Star's  true  all. 

48  59    0 

'~orrg.  intenal  .281 
Correcliiin  N.A,     ,                      +z 

Moon's  oU.  ali. 

..L. 

5S4;     0 

Correct  inien-al                 ,183 

Red.  scmiU.    . 

+  15       3 

Time  at  C.  ofdU.  jjlh    000 

Dip        . 

G»,  mean  time                .     2     S     3 

Moon's  app.  all. 

5S52       0 

Local  mean  lime    .          ,      6  5S  26 

Ked.  pamllai 

54  26 

Moon's  true  alt. 

59  46  j6 

Longitude  in  time  .  L.  4  50  23 
Longitude  in  arc    .      E.   7;  35  45 

Star's  true  all. 

48°  59    0 

Stit'sP.D.     . 

77   iti    0 

Ijititude 

'S  S3    ° 

01 691  Isec. 

tlalfsum        . 

71     4    0 

■51117  l.cos. 

Difference      . 

22      S      0 

■57514  I.Mr. 

Hour  angle  \V. 

ix   To "54 

9EHOJ 

Star's  red.  K.A. 

Sum  teis  14  h. 

7  to5S 

.S.T.M.N.,  J51h 

II     23 

Sid.  h  from  noo, 

6  59  35 

Rclardalion   . 

-1     9 

Mean  lime  of  oIj 

6  sS  26 

( In  this  Example  the  lefraclion  of  the  ir 
.0  about  —  33";  it  appears  to  have  bceti  omitli 
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3.  Clearing  the  lunar  distance,  Example  No.  i. 

Corrections, 


a.  Sun's  app.  altitude     62    8    2  1.  sec  0*33031 

iS.  Moon's  app.  altitude  47  15    o  1.  sec  0*16826 
7.  App.  lunar  distance    70  16  50 

d.  Sun's  true  altitude     62     7  37  1.  cos  9*66978 

ff.  Moon's  true  altitude  47  50  11  1.  cos  9*82689 


<r«J  (o  +  i3  +  7) 
<r-7 


89  49  56     1.  cos   7*46100 
19  33    6    1.  cos  9*97421 


Deg.  +31-" 
Min.  —  '2 
Bar.  -  '3 
Ther.-   !•$ 

+  290 


Rcf.    —29* 
Par.    +   4* 


-25 


jt 


54." 
-    -5 

-     -5 

—    2'9 

501 

36^1" 
35^» 


D 


Anti-logs. 

1.  sin*  7*43045     *oo2694 


u 


54  58  54    1.  cos  975878 

1.  cos*  9*51756     *32928o 


1.  sin*  9*51400     -326586 
34  51     o    L  sin  975700 
y.  True  lunar  distance  69  42    o 

(The  discrepancy  is  due  to  the  cause  mentioned  in  Example  I.) 

4.  Clearing  a  lunar  distance.  Data  of  observation 
taken  from  a  case  in  Woodhouse's  Astronomy.  Using 
six-figure  logarithms. 

a.  Star's  app.  alt.         28  24  59    1.  sec  0*055758  |  Corrections, 

Rcf.        1 105''  -31" 

Corr.  alt.  61°  36'  19*' 

Hor.  par.         53'  59' 

9*67718 

8*19602 

787320 

Red  par.        +25'  41" 


iS.  Moon's  app.  alt. 
7.  App.  lunar  dist. 

61  36  50 
33  30  21 

L  sec  0*322931 

0'.  Star's  true  alt. 
ff.  Moon's  true  alt. 

28  23  14 
62    2    0 

1.  cos  9-944362 
1.  cos  9*671134 

<r-7 

61  46    5 

28  15  44 

1.  cos  9*674900 
1.  cos  9*944872 

D 

1.  sin*  9*613957 

w^^     .     . 

45  12  37 

1.  cos  9*847885 

'41 1 109 


1.  COS*  9*695770        '496330 

iV 1.  sin*  8  930547         *o8522l 

16  58  24     1.  sin  9  465274 
y.  True  lunar  dist.       33  56  48 

A  result  which  corresponds  with  that  of  Woodhousc. 

Z 
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5.  Calculating  an  altitude  for  an  observation  of  lunar 
distance. 

The  moon's  meridian  lenilh -dislance  wa5  19°  30'  16"  on  February  17, 
in  lalilude  N.  3°  42'  o";  wliiit  was  its  aJtitodc  at  7  h.  I  min.  fj  Sfc.  of  ntcan 
I  h,  M  min. 

•     70  31  4a 


time  on  the  same  day  1 

he  sid. 

lime 

of  mean  noon  being 

47  *ec.  1  moon's  hor.  par 

SVS7 

Mean  time     . 

7     1 

27 

Trie  altitude 

Equiv.    sid.    hour    from 

Par.  in  altitude     , 

noon. 

7     J 

35 

Refraction    . 

Sid.  T,  mmn  noon 

as  24  47 

SuQilcs5  24h.orR.A,  0 

App.  all.  of  moon 

meridian     . 

S  a? 

%t 

Moon's  R.A. 

S  '9 

Hour  angle    . 

8 

lO 

Halfilseqniv.  inaro 

1     1 

15         log  sin'    .     6-50160 

Mi3on's  dfcl.  N,      , 

n    ' 

16         l-EC-s    .      9.96391 

Latitude  N.    . 

3  42 

0         tog  cos    .      9-99909 
6-46460 

HalfMer.  Z,n,        . 

9  40 

8        sin' 

Half  true  Z.D. 

9  43 
10  26 

9        sin'        , 
tS 

Trnealt,  ofmnon    . 

70  3.1  42 

6.  FindinjT  the  longitude  on  land  by  lunar 

In  lalihide  i;i°iV36"' 

4N.,iii 

Feiiruary  1S60.  the  followi 

the  moon  and  »  Geminon 

mwere 

observed  in  sidereal  time. 

Ohscrved  transits    . 

6  31   36-64 

Coll. 

--16 

I^vel 

—  ■05 

Ai.     . 

-■07 

Corrected  transits   , 

6  3"   36 '36 

Interval 

0  39  2312 

R.A,  for  Crecnwich 

6  32  30-79 

Inlerval      . 

0  39  17-24 

Diflerence  of  intervals 

0    0     5-88 

Difference  for   1  h.  f 

om  n'.A. 

160-95 

-  03 

-■07 
J  59-48 
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Corrections  for  the  Transit  histrument, 

I.  To  determine  by  observation  the  equatorial  in- 
tervals of  a  transit  instrument  on  January  12,  i860,  in 
latitude  5i°23'36  N.,  and  longitude  2  min.  10  sec.  E. 

Vertical  circle  west,  and  star  above  pole. 


Wire 

Observations 

Obs.  Intervals 

Equat.  Intervals 

h.    m. 

sec. 

m. 

sec. 

sec. 

A 

6    21 

36-31 

—  II 

47-63 

3387 

B 

6    27 

2953 

-  5 

54-41 

17-00 

C 

6    33 

23-61 

•33 

•01 

D 

6    39 

1818 

+   5 

54-24 

1698 

E 

6    45 

i2-o8 

+  11 

48-14 

33*95 

Mean 

6    33 

23-94 

m. 

sec. 

0 

t 

n 

A 

II 

4763 

=r    2 

56 

54-45 

log  sin 

87112806 

87 

15 

2-4 

log  cos 

8-6809381 

33-87 

8 

28*09 

log  sin 

7-3922187 

B 

5 

54-41 

=s      I 

28 

36-15 

log  sin 

8-41 1 1240 

4 

15-03 

log  cos 

8-6809381 

17-00 

log  sin 

7-0928621 

C 

0-33 

0*OI 

^~ 

4-95 
•13 

log  sin 
log  cos 
log  sin 

5*3796994 
8-6809381 

4-0606375 

D 

5 

54-24 

•«  I 

28 

3360 

log  sin 

8-4109157 

4 

14*80 

log  cos 

8-6809381 

16-98 

log  sin 

7-0918538 

E 

II 

48-14 

=    2 

57 

2*IO 

log  sin 

8-7115932 

8 

29-28 

log  cos 

8-6809381 

33*95 

log  sin 

7-3925331 

Hence,  for  reduction  to  mean  wire  from  centre  wire  add  o-oi  when 
vertical  circle  is  west  and  star  above  pole. 

2.  To  determine  the  equatorial  collimation  error  of 

Z2 
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the  same  instrument  at  the  same  place  and  date,  also  the 
level  and  azimuth  errors. 

The  inequaJicy  of  pivots,  a  pernnanenl  porlloa  of  the  levd  enoi,  n  this 
ioilniment  imounCed  lo  <i'-oy,  the  remaindei  of  the  errorwill  varf  witll 
every  observalion. 

The  equalorial  collimition   erroi  (/i  is  constant  for  the  ume  inuiu- 


The  uimulhal  rlcvistion  [d)  U  the  n 
jiracliiaUy  a  constanl  quantity. 


1  result  of  observations,  and  is 


c  Minoris.     Star  below  pole. 

Level!  (.)  Cdtt.  kveU  (/)  Tnm 


iM       6      6    31             +33 
and     fi    ri    ij            +-34 
»d     6    so    S9'J         +'4« 

4-'3 
4*6 
5>3 

3 '50 

S-oi 

6 
6 
6 

6 

6    3513 
1    J7a6 
1      4-63 

5    S^'O' 

C^.re      6    >6      (.'s          +:« 

6 
6 

6      ii'Si 
6      147S 

riE, 

Colliinatign  error  (f)  for  B  UiSK  Mill 
For  correcting  the  levels 

3-^4 

'"tM% 

=  HX1ZSJ. 

Equ.  coll.  error  e-3-24  cos  86=  36' 
Adding  for  reduction  10  mean  wire 
Eqa.  coll.  error  on  Jan.  12.  was    .         . 

=0-19 

0'20 

When  [he  venLcal  circle  E.,  ami  star 
When  the  vertical  circle  W.,  and  sta 
Ne.t  for  azimuth  error  : 

^WeHe 

'uL 

+  0'20. 

Differences 

21     57-82 

Aiimuth  error  0 

n  this  0-85. 

™  „          0'85          ,        0-85 

cos  A     cos  A'     1 1-28 --966 
cos  D     cos  D' 

deviation  E.  of  N.. 

stars,  oficnith. 
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3.  Determining  the  corrections  for  the  same  instru- 
ment on  February  10,  i860. 

Observations  on  5  Ursae  Minoris.     Star  below  pole. 


^ires 

Obs.  transits 

Levels  («)  Corr.  levels  (/)  Trans,  corr.  for  level 

h.     m. 

s. 

h. 

m. 

s. 

E 

6      7 

43 '5 

+  03 

-»-    33 

6 

7 

43-83 

D 

6     12 

32 

+  •05 

+    '56 

6 

12 

3256 

D 

6    21 

52 

+  -10 

+  113 

6 

21 

53x3 

E 

6    26 

42 

4- -28 

+  3*16 
Mean 

6 

26 

45  16 

6 

17 

1367 

It  re 

6     17 

13 

+  'OI 
-03 

—  •22 

6 

17 

1278 

Collimation  error  {c)  for  8  Ursse  Minoris 
Equatorial  coll.  error,  ^=0*89  cos  D 
Adding  for  reduction  to  mean  wire 
Equal  coll.  error  on  February  10   . 


0-89 
=  ox)5 

=  0-01 

«0'o6 


When  the  vertical  circle  is  W.,  and  star  below  pole,  it  is  + 

above  pole,  it  is  — 

Next,  for  azimuth  error : 


8  Ursa  Minoris 
Sirius  . 
Differences  . 


Trans,  corr.  for  C  and  L.  R.  A.  from  N.  A. 

.  6  17  13-67  6  17   6*99 
.  6  38   584 
20  52*17 


6    38      0-91 
20    5392 


Azimuth  error  on  this,  1 75. 


Azimuth  deviation  »■ 


175 


. i75_ 


cos  A^cos  A'     12*58—  '966 
cos  D    cos  ly 


0*15 


deviations  E.  of  N.,  star  S.  of  zenith. 

Taking  the  permanent  means  of  the  preceding  corrections  for  the  same 
instrument,  without  readjustment,  they  are 

For  inequality  of  pivots,  o"'03. 

For  equatorial  collimation  error,  e^\  (o*20+o  o6)=o*i3. 

For  azimuthal  deviation,  d^\  (0*07  +  0*15)  =  0*11. 

In  some  other  examples  given,  e  is  taken  as  «o*09  or  0*13. 
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4.  The  application  of  the  foregoing  corrections  is 
shown  in  detail  in  the  foUowing  example. 

On  Petiruary  10,  1S60,  it  was  required  la  lind  the  clock  erroi  by  a 
imiiBil  of  the  sun.  The  declination  being  H^jo';  Ihc  zenith  dislance 
65=5 y4Q"  altitude ;  14°6'20"  vertical  circle  west. 


1 

31     «4 

33    37'S 

J 

3'    41 

33    55 

4 

31    59 

34    "S 

5 

32    iti-5 

34  y^ 

Means 

20    3"    39-5 

21    33    SS 

RJ\.  «  GremwiEh 

Meu  of  p«adb(  »d  UI.  linb. 

21      33     43 '67 

II      32     47-15 

for  longilude 

■35 

-10  / 

II     33    43-32 

-06  r 

5637 

-■14  >. 

error  Jow 

21      32     46-95 

Lc.. 

clions 

97 

9-45 

9  9 

9*3 

19-60     - 

18-75 -o'Ss 

ility- (0-03 +  10-85) 
-0-24  CI 
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Section  4.    Tables  for  Correcting  Altitudes. 

Altitude  Corrections — Dip. 

(From  Pocket  Lc^arithms.) 


Height 
of  Lye 

Feet 

1 

Dip  of  Se 
Dip 

/       II 
0     59 

a  Horizon 

Height 
of  Eye 

Feet 

31 

Dip 
/       II 

5    29 

Height 
of  Eye 

Feet 
6 

Dip  of  Shore  Horizon  for 
Disuuices  in  miles 

i  OL       \m.        I  m.      i^  m. 

111% 

6443 

2 

I 

24 

32 

5 

34 

10 

II 

8 

6 

5 

3 

I 

42 

33 

5 

39 

16 

17 

12 

9 

7 

4 

I 

58 

34 

5 

44 

20 

22 

15 

12 

9 

6 

2 

12 

36 

5 

49 

26 

28 

19 

15 

12 

6 

2 

25 

40 

6 

13 

30 

34 

23 

17 

14 

7 

2 

36 

46 

6 

36 

36 

39 

27 

20 

16 

8 

2 

47 

60 

6 

58 

40 

45 

30 

23 

19 

e 

2 

57 

66 

7 

18 

60 

56 

37 

27 

22 

10 

3 

7 

60 

7 

37 

/ 

a  m. 
/ 

a|m. 

3  m. 

11 

3 

16 

66 

7 

56 

6 

3 

2 

2 

2 

12 

3 

25 

70 

8 

H 

10 

4 

3 

3 

3 

13 

3 

33 

76 

8 

31 

16 

6 

5 

5 

4 

14 

3 

41 

80 

8 

48 

20 

8 

6 

6 

5 

16 

3 

49 

86 

9 

5 

26 

10 

8 

7 

6 

16 

3 

56 

90 

9 

21 

30 

12 

10 

8 

7 

17 

4 

4 

96 

9 

36 

36 

14 

II 

9 

8 

18 

4 

II 

100 

9 

51 

40 

15 

12 

10 

8 

19 

4 

17 

110 

10 

19 

60 

19 

15 

12 

10 

20 

4 

24 

120 

10 

47 

4xn. 

5  m. 

6  m. 

7in. 

21 

4 

31 

130 

II 

14 

6 

2 

/ 
2 

2 

2 

22 

4 

37 

140 

II 

39 

10 

3 

3 

3 

3 

23 

4 

43 

160 

12 

3 

16 

4 

4 

4 

4 

24 

4 

49 

160 

12 

27 

20 

4 

4 

4 

4 

26 

4 

55 

170 

12 

50 

26 

5 

5 

5 

5 

26 

5 

I 

180 

13 

12 

30 

6 

5 

5 

5 

27 

S 

7 

190 

13 

33 

36 

7 

6 

6 

6 

28 

5 

13 

200 

13 

55 

40 

7 

6 

6 

6 

29 

5 

18 

260 

15 

3« 

60 

8 

7 

7 

7 

30 

5 

24 

800 

16 

51 
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ALTiTuriE  CoRRECTiows— Refraction. 


\  K  a  h  4 


33  5' 


i  3! 
5  54 


16) 
17 

171 


ii 


^i  E 
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Altitude  Corrections—Refraction  {continue^. 


< 

< 

Refraction  for 
Bar.  30",  Th.  50° 

Diff.  for  10'  of 
Alt. 

Add.  Diff  for 
+  i"Bar. 

Sub.  Diff.  for 
+  r**  Therm. 

< 

< 

Refraction  for 
Bar.  30",  Th.  yP 

Diff.  for  xo'  of 
Alt. 

5? 

.0 

o 

1      $1 

// 

II 

II 

0 

II 

II 

n 

II 
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Altitude  Corrections— Parai-uax 
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NW.  48 
NW.  45 
NW.  47  49* 
NW.  57 


Lat.  Long, 

by  account 

9  33  E. 


o   / 
30  03 

38  18 

26  33 

=5  X4 

24  03 

32   00 
30  30 

18  59 


7  23  E. 
5  5tE. 
4  14  E. 
2  35  E. 
o  10  E. 
2  10  W. 
4  36  W 


Distance 

148  mile> 
132 


«33 
X16 

X02 

X71 

157 
X63 
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Abstract  from  Observations  for  Latitude  taken  with 
6-INCH  Sextants. — Nos.  44  and  45. 
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■  hypfiVi"2S' 


A    CATALOGUE    OF 

SURVEYING  INSTRUMENTS  AND  APPLIANCES 

MADE  AND  SOLD  BY 

G.  BAKER,  m  k  245,  HIGH  HOLBORN,  LONDON,  W.G. 

{.Opposite  Day  &*  Martin's),     Established  1765. 

TBANSIT  THEODOLITES. 

£,  s.  d. 
A  first-rate  6-in.  Transit  Theodolite,  either  bronzed  or  bright,  of  the  highest 
possible  finish;  with  vertical  circle,  horizontal  limb,  and  verniers, 
divided  on  silver  to  20m".  The  clamping  and  tangent  adjustments  of 
the  most  approved  make;  with  erecting  and  inverting  eye-pieces, 
tripod-stand,  mahogany  case,  and  fittings  complete         ...from  £2^  to  26  10    o 

A  ditto,  without  the  vertical  arc        from  £22,  lar.  to  2^  \q    o 

A  5-in.  Transit  Theodolite,  with  vertical  circle,  horizontal  limb,  and 
verniers,  divided  on  silver  to  30m* ;  and  in  all  other  respects  precisely 

similar  to  the  above,  complete from  £22.  los.  to  24  10    o 

A  ditto,  without  the  vertical  arc  from  £21.  to  22  10    o 

A  4-in.  ditto,  with  vertical  arc,  &c.,  divided  on  silver  as  above  from  £20.  to  22  10    o 

Ditto,  ditto,  without  vertical  arc         from  £iS,  los.  to  21     o    o 

Brass  Triangles  to  any  of  the  before-mentioned,  for  timnelling,  mining,  &c. 

where  the  ordinary  stand  cannot  be  used  I     2    6 

Strong  Leather  Cases  for  any  of  the  preceding  from     150 

THEODOLITES. 

A  first-rate  6-in  Theodolite,  either  bronzed  or  bright,  of  the  highest  possible 
finish;  with  vertical  arc,  horizontal  limb,  and  verniers  divided  on 
silver  to  20m*.  The  clamping  and  tangent  adjustments  of  the  most 
approved  make ;  with  erecting  and  inverting  eye-pieces,  tripod  stand, 
mahogany  case,  and  fittings,  complete    ...         ...         ...         ...         ...24    00 

A  first-rate  5-inch  Theodolite,  divided  on  silver  to  30m",  in  every  other 
respect  precisely  similar  to  the  preceding  

A  ditto  4-in.  Theodolite,  divided  on  silver  to  30m' 

Strong  leather  Outside  Cases,  with  straps  for  ditto from 

LEVELS. 

A  best  i2-in.  Gravatt's  Dumpy  Level,  either  bronzed  or  bright ;  with  extra 
eye-piece,  tripod  stand,  mahogany  case,  and  fittings  complete 

A  ditto,  with  silver  ring  compass        

A  14-in.  Dumpy  Level,  similar  to  the  above 

A  ditto,  with  silver  ring  compass 

A  Portable  lo-in.  Dumpy  Level,  suitable  for  Builders*,  road,  draining,  and 
agricultural  purposes,  &c. ;  with  parallel  plates,  tripod  stand,  and 
mahogany  case  complete  ... 
Drainage  levels  of  all  descriptions,  kept  in  stock,  or  made  to  order  from 
Strong  Leather  Outside  Cases,  with  straps,  for  the  above  instruments ^^;« 
Contouring,  or  Reflecting  Levels,  with  divided  arc  to  show  gradients 

Abney's  Improved  ditto 

Leather-covered  cases  for  ditto from 

Masons,  Builders^  Carpenters,  zn^  Platelayers*  Levels,  of  all  kinds  and  sizes, 

from    020 
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XiEVSIj:.II?Q  STAVES. 


TDHto,  screwed  ihmiighoul,  for  India  and  tropicaJ  cliinsits 

l6-ft.  ditloditlo 

i4<ft.  ditio  Extra  Strong,  and  Screwed  throughout,  with  painted  Gkc  and 

figures  

i6-ft.  ditto  ditto 

Extra  Sets  of  Pope:^  in  English,  or  Mette<^,  per  set 

Leather-bound  Canvu  Cues  for  U17  of  above         frmit 

LaiUing  Stava,    in   every   vorifly  of  palUrn,    made  la  erdir,   rtpairtd, 

rtfoinltd,  »r  rtpafrnd,  at  Iht  Imoal  prkts. 

W  PICKETS  OP  EANGIITG  POLES. 

pISekrt),  or  Hanging  Poles,  shod  witli  iroa,  painted  in  two  or  llitec  colours, 

6-ft.  (pninteil  in  feel)         axh     • 

SJt  ditto  ditto „ 

lo-ft.  ditto  ditto „ 

10  Link  ditto  ditto        „ 

Hooks  to  ditto  for  Chains,  ss.  entra. 

ANEHOID     BABOMETESa 

FOR  ASCERTAINING  ALTITUDE,  &c. 
Beau  I  i  fully- finished  Conipcnsalcd  Watch-form  /Oneroid  liarometer,  i' nh 

gilt  case       

Bcauli fid ly-lin lulled  Compensated  Watch-form  Aneroid  Barometer,   with 

altitude  scale         ...         

Ditto,  ditto,  with  revolving  altitude 'icale 

A  very  portable  ditto,  \\  inch  in  diameter,  in  silvercase 

Best  make  Pocktl-Si^c  Aneroid  liaiomeler,  2}  inches  in  diameter,  wilh 

metallic  dial,  anil  compensated,  in  case 

Ditto  ditto,  with  altitude  scale  

Ditto  ditto,  with  revolving  altitude  scale      

Ditto,  Hutchinson's  pattern     ...         

Very  superior  Aneroid  Ilarometcr  {ordinarf  size)  wilh  plate-glass  front  and 

raised  dial,  and  divided  to  j^^-,  of  an  inch,  with  index 

Ditto  ditto,  with  raised  dial,  compensated,  and  divided  to  xSk  of  an  inch, 

with  altitude  scale  and  rci'olving  index from 

N.U. — lliis  instrument  is  adapted  for  ascertaining  altitudes  very  accuriilclj, 
and  is  most  useful  to  the  Surv'cyor,  as  a  preliminary  instrument 
for  Liking  levels,  as  it  will  show  sufficiently  distinct  tlic  vaiiaiions 

Ordinary  Aneroid  jiaromctcrs...  frsm 

Leather  Cases  and  Slings  to  uillicr  of  the  above,  from  ^s.  &/.  tiuh. 

Portahle  Tliermoniclcr...         from 

Boiling- fmut  A pfartUus,  for  determining  elevations,  consisting  of  a  copper 
vessel  and  stand,  two  thermometers  divided  to  Va  of  a  d^ree,  and 
leather  sling  case fram 

POCKET    MAGNETIC    COMPASSES. 

Dill.'.  -.ooUh.jorii,,  -.i;ll:  A^aU  Cop.    /■:,<,  jWc.l.'e  o»,i  Slop,  in  German 


C  Baket^s  List  of  Surveying  Instruments,  &c. 
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POCKET  MAGNETIC  COMPASSES  {conHnued), 

Singer's  Patent  Magnetic  Compasses,  plain from    036 

Ditto  ditto,  with  German  Silver  watch-form  cases from    o  12    6 

Geological  Compasses from    o  10    6 

ANEMOMETEBS. 

Biram*s  Anemometer,  for  ascertaining  the  currents  of  air  in  mines,  air- 
shafts,  &c,  pocket  size     ...        ...        ...        ...    2 

w'lll     Ult  tOa  •••  •••  •••  •••  •••  •••  •■•  •••  •*•  ^ 

\  ma  **X1«     \XX  \  L  w  •••  •••  •>«  •••  ••>  ••«  •••  •••  •••  '^ 

Lowne's  improved  portable  Anemometer,  with  two  Dials,  registering  to 

A  y  ^AAJ  Iw^  v»   ••>       •>•       «••       •••       *••       ■••       •••       •••       •••    ^ 

Ditto,  ditto,  5  Dials      ...         ...         ...         ...         ...         ...         ...  ...    4 

Either  of  the  above  can  be  supplied  to  read  metrically  at  Ss.  extra. 

Darcy^s  Current  Meter  (Pitot's  improved),  to  determine  the  velocity  of 

currents  of  water    ...         ...         ...         ...         ...     600 

PBISMATIC    COMPASSES 

A  superior  3-in.  plain  Prismatic  Compass,  with  self-acting  stop     

A  ditto  ditto  Ditto,  with  azimuth  glasses         

A  superior  3i-in.  plain  Prismatic  Compass,  with  self-acting  stop 

A  ditto  ditto  Ditto,  with  azimuth  glasses  

A  ditto  ditto  Ditto,  with  azimuth  glasses  and  silver  divided  ring 

from 

Hutchinson's  improved  3-in.  plain  ditto        

The    Improved    Prismatic    Compass,    with    divided    Circle    Clinometer 

attached,  to  take  vertical  angles 2    2 

Leather  Cases,  with  sling  straps,  for  ditto     from    o    6 

Stands  for  ditto,  with  bdl  and  socket  joint I  10 

BOX  SEXTANTS,  &;o. 

A  highly-finished  Box  Sextant,  divided  on  silver,  with  silver  vernier       ...  3 

A  ditto  ditto,  with  sun-glasses  complete         3 

A  ditto  ditto,  with  telescope 3 

A  ditto  ditto,  with  supplementary  arc from  4 

Leather  cases,  with  sling  straps  from  o 

A  highly-finished  metal  NAUTICAL   SEXTANT,  divided  on  silver  to 
10  seconds,  with  silver  vernier,  extra  telescopes,  mahogany  case  and 

fittings  complete,  as  recommended  by  the  Admiralty  for  Cadets        ...  5  15 

A  ditto  ditto,  larger  size  ..  5    8 

A  ditto  ditto,  with  double  frames        12  12 

Artificial  Horizons  of  all  descriptions from  I  10 

CBOSS  STAVES  AND  OPTICAL  SQUARES. 

Brass  Octagon  Cross  Staves,  with  socket  for  stand from  060 

Circular  Brass  ditto,  with  divided  circle  and  vernier,  rack  adjustment  and 

compass      ...         ...         ...         ...         ...         ...         ...         .«     from  i  12 

Optical  Square O  15 

Ditto  ditto,  with  adjustment i    o 

PEDOMETEBS  AND  PASSOMETEBS. 

Pedometers  in  silver  cases,  for  ascertaining  distances  by  walking...    from    2 
Passometers,  with  three  dials  r^stering  to  25,000  paces,  in  silver  cases...    4 
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C.  Baket's  List  of  Surv^tag  iHstrumeHti,  Sv. 


LAITD     CHAIITS. 

So-ft.  Land  Chaio,  with  eiivuhii  rings ,. 

66-ft.  dilto  dilto  ...  

loo-ft,  dilta  ditto  i 

so-ft.  Improved  ditio,  wiih  ora]  rings         

66-fl.  ditto  ditto  .,. 

lOO-ft.  ditIo  ditto 

u>Q.  Eiira  Slout  ditto,  with  maaiTe  brmn  bandies        

66-fL  ditto  dilto  

too-ft.  dilto  ditto  

French  ao-M^tre  Land  Chains  

Dliio  ditto  extra  sUoi^      

Arrows,  ptr  set 

PATBig'T  TISUFEIBBD  aTEBIi  OHAIMB. 

50-ft.  Patent  tempered  Steel  Chain,  very  Iightaod  portable 
66-ft.  ditto  dilto 

loo-fL  dillodillo  

Standard  C&aitti  of  all  ktHtli  made  la  order. 
TAPES. 
3*.  to  6-ft.  Portable  Spring  Poclcet  Tnpes  .„        ...    j 

33-ft.  Improved  Waterproof  Tape,  in  leather  case 

50.fl.  dillo  diuo  /™«6 

66-fl.  dilto  ditto  Jriim7s.(t 

loo-ft.  dillodillo  from  ic 

33.ft,  Cheslcmmn"s  Patent  Metallic  T.ipe, 

50.ft.  ditto  ilitlo  

66.|t  dillo  ditto  

lOO-ft,  ditto  ditto  

Common  Tajies  of  all  dcscriplioiis       

NcTO  Tapis  jill&i  to  OU  Casei. 
PATENT    STEEL    TAPES. 

jo-ft.  Trilenl  J^teel  Tape         

33-ft.  Jitlo        

40-ft,  dillo         

so-ft.  ditto 

66-ft.  ditto         

lOO-ft.  ditto        

•»•  All  llw  . 


feet,  inches,  and  decimals 


French,  Spanisk,  Parli 


iW*.  „uJ„„, 
1/  oth/r  Foitij^n  Syilcmt. 


ir.hn^  to  the 


C.    BAKER,    OPTICIAN, 

344  &  245,  HIGH  HOLBORN,  LONDON,  W.C. 

An  Exiensive  Assortment' of  Second-hand  Transits,  TkeodOI-ITES,  Levei 
and  other  inslruments,  by  the  niosl  ealeemed  makers,  always  in  slock,  at  the  f.i^wt 
Prices. 

All  iinih  of  Afalhemafbal,  Oflienl,  ami  Draiiiinq  InslnimcnU  Rtpaired  or  Atlf.-d . 

the  Premii;s  -..-ill,  Pumtuatlty  ami  Dispatch. 

N.B. — Second-Hand  lustTuments  purchased  or  taken  in  Exchange. 

Counlry  Orders  must  be  accompanied  by  Cash,  or  I'ost-Office  Order  payable  ai  i 

High  llulborn  Branch. 

Chcqms  croiscd  Laiidoii  and  IVtstminsler  Bank. 


London,  August,  1879. 

%  Catal00m  of  I00KS 


INCLUDING  MANY 


NEW  &  STANDARD  WORKS 

IN 

ENGINEERING,    ARCHITECTURE, 
AGRICULTURE,     MATHEMATICS,     MECHANICS, 

SCIENCE,    &c,    &a 

PUBUSHBD  BT 

CROSBY  LOGKAATOOD  &  CO., 

7,   STATIONERS'-HALL   COURT,    LUDGATE    HILL,    E.C 


ENGINEERING,  SURVEYING,  &C. 

• 

Humbers  New  Work  on  Water-Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humber,  Assoc  Inst 
C.E.,  and  M.  Inst  M.E.  Author  of  **Cast  and  Wrought  Iron 
Bridge  Construction,"  &c,  &c  Imp.  4to.  Illustrated  with  50 
Double  Plates,  i  Single  Plate,  Coloured  Frontispiece,  and  upwards 
of  250  Woodcuts,  and  containing  400  pages  of  Text,  elegantly  and 
substantially  half-bound  in  morocco.     6/.  dr. 

Lixt  0/ Contents: — 

I.  Historical  Sketch  of  some  of  the  means  that  have  been  adopted  for  the  Supply 
of  Water  to  Cities  and  Towns. — 1 1.  Water  and  the  Foreign  Matter  usually  asso- 
ciated with  it. — III.  Rainfall  and  Evaporation. — IV.  Springs  and  the -water- 
bearing  formations  of  various  districts.— V.  Measurement  and  Estimation  of  the 
Flow  of  Water.— VI.  On  the  Selection  of  the  Source  of  Supply.— VII.  Wells.— 
VIII.  Reservoirs. — IX.  The  Purification  of  Water. — X.  Pumps. — XI.  Pumping 
Machinery.— XII.  Conduits.- XIII.  DUtribution  of  Water.— XIV.  Meters,  Ser- 
vice Pipes,  and  House  Fittings. — XV.  The  Law  and  Economy  of  Water  Works.— 


Specific 

Bideford,  Canterbury,  Dundee,  Halifax,  LambetE,  Rotherham,  Dublin,  and  others] 

OPINIONS  OF  THE  PRESS. 

"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in 
English,  or  in  any  other  language." — Engineer  (first  notice). 

*~Mr.  Humbn-'s  work  is  characterised  almost  throughout  by  an^  exhausUvenest 
much  more  distinctive  of  French  and  German  than  of  English  technical  treatises."— 
Engineer  (third  notice). 

"We  can  congratulate  Mr.  Humber  on  having  been  able  to  give  so  large  an 
amotmt  of  information  on  a  subject  so  important  as  the  water  supply  of  cities  and 
towns.  The  plates,  fifty  in  number,  are  mostly  drawings  of  executed  worics.  and 
alone  would  have  comnuuided  the  attention  of  eveiy  engineer  whose  practice  may  lie 
in  this  branth  of  the  profession.*— ^v*U!rr. 

B 
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Humbers  Modem  Engineering.     First  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1863.  Comprising  Civil,  Mechanical,  Maiine,  Hydraulic, 
RjulvBy,  Bridge,  and  other  Engineering  Works,  Ac  B<r  William 
HuMBtR,  Assoc.  List,  C.E^  la.  Imp.  410,  wiib  ^  Double 
Flaws,  drawn  to  a  Urge  scale,  and  Phoiographic  Portrail  of  Joha 
HawltshBw.  C.E.,  F.R.S,,  &c  3/.  31.  half  morocco. 
"Huidsomc^  UrJu^iSnipbed  and  jffmttfd,    1i  wiU  And  lavottr  wilh  muy  who  detlrfi 

Number^ s  Modern  Engineering.  Second  Series. 
A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1864  ;  with  Phott^taphic  Portrait  of  Robert  Slephaison, 
CE.,  M.P..  F,R.S.,  &"c    3/.  jj,  half  morocco. 

BrJUiu;  (iht  uauinjna,  at  ii  iloei.  carefuUy  ciecut^  dnwion  wiA  full  notkuiE 
delaiU,  ilwilllic  fDlAia  A  vsJudblc  EkCcuwry  lo  the  pmruADa  at  Lu-gc.'*— f  j^/V^r. 


u  fiae  colleci 


of  UBDmlcft  bfi 

Hiimbcrs  Modern  Engineering.     Third  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER. 

ING,  1S6;.  Imp.  410,  with  40  Double  Plates,  drawn  to  a  lar^e 
scale,  ami  I'lioto.  Portrait  of  J.  R,  M'Clem,  Esq.,  late  Presiilent 
ol^  the  Instiiuiiun  of  Civil  Eufiinecrs.     3/,  3J.  half  morocco. 

works  uhiiHl  fur  mas"''"''':' ''^v'  ■">'  ■'"'^  (>anillel  in  the  piUHtU  (Liy.  Ixi  hiuiIfiii  in 
the  praf<»iL>R  biil  ^h<juld  cvcrullv  >:ud]-  ihe  dctailt  of  thei^e  croT  wqcIii  which  he 

Humberts  Modem  Engineering.    Fourth  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEI-^R- 
ING,  1S66.  Imp.  4I0,  with  36  Double  Plates,  drawn  to  a  large 
scale,  and  Photographic  Portrait  of  John  Fowler,  Esq.,  Presiilent 
of  the  Institution  of  Civil  Engineers.    3/.  31.  half  morocco. 


Hwnber's  Great  Work  on  Bridge  Construetion. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
■\VR0UG1IT.IR0N  KRIDGE  CONSTRUCTION,  including 
Iron  Foiuidations,  In  Three  Parts— Tlieorelical,  Practical,  and 
Descriiitive.  By  WILLIAM  IlUMBF.R,  Assoc.  InsL  C.E.,  ami  M.  Insl, 
M.E.  Third  Edition,  revised  and  much  improveil,  with  115  Double 
Plates  (20  of  which  now  tirsl  appear  in  ihis  edition),  anil  numerous 
additions  lo  the  Text.     In  z  vols.  imp.  4to,  6/.  i6j.  dd.  lialf-bouncl 


■'Mr.Humbet'j 


ittlyvo 


,.c1yi« 


which  the  i 


PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO. 


Strains  y  Formula  &  Diagrams  for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
STRENGTH  ;  consisting  of  Formulae  and  Corresponding  Diagrams, 
with  numerous  Details  for  Practical  Application,  &c.  By  William 
HUMBER,  Assoc.  Inst  C.K,  &c  Third  Edition.  With  nearly 
100  Woodcuts  and  3  Plates,  Crown  8vo,  ^s,  6^.  cloth. 

**  The  anangement  of  the  matter  in  this  little  volume  is  as  convenient  as  it  well 
could  be.^  •  •  .*  •  '^'^  system  of  employing  diagrams  as  a  substitute  for  complex 
computations  is  one  justly  coming  into  great  favour,  and  in  that  respect  Mr.  Humber's 
volume  is  fully  up  to  the  times." — EHgtneering^. 
"  The  formulae  are  neatly  expressed,  and  the  diagrams  good.** — Atkemeum, 
"  Mr.  Humber  has  rendered  a  great  service  to  the  architect  and  engineer  by  pro- 
ducing a  work  especially  treating  on  the  methods  of  delineating  the  strains  on  iron 
beams,  roofs,  and  bridges  by  means  of  diagrams."— ^»f^<rr. 

Barlow  on  the  Strength  of  Materials. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railways,   &c.  ;    and  an  Appendix  on   the 
Power  of  Locomotive  Engines,  and  the  effect  of  Inclined  Planes 
and  Gradients.     By  Peter  Barlow,  F.R.S.    A  New  Edition, 
revised  by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow, 
F.R,S.     The  whole  arranged  and  edited  by  W.  Humber,  Assoc 
Inst.  C.E.     8vo,   400  pp.,  with  19  large  Plates,  and  numerous 
woodcuts,  i&f.  cloth. 
"  The  best  book  on  the  subject  which  has  yet  appeared.    ....     We  know  of 
no  work  that  so  completely  fulfils  its  wSaB&ask*— English  Mechanic. 
**  The  standard  treatise  upon  this  particular  subject" — En^ifuer. 

Tables  of  Curves. 

TABLES    OF  TANGENTIAL  ANGLES  and  MULTIPLES 

for  setting  out  Cur\es  from  $  to  200  Radius.     By  Alexander 

Beazeley,  M.  Inst.  C.E.    Second  Edition.    Printed  on  48  Cards, 

and  sold  in  a  cloth  box,  waistcoat- pocket  size,  3/.  6d, 

"  Each  table  is  printed  qn  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 

the  hands  free  to  manipulate  the  instrument— «o  small  advantage  as  regards  the  rapidity 

of  work.    They  are  clearly  printed,  and  compactly  fitted  into  a  small  case  for  the 

pocket — an  arrangement  thiat  will  recommend  tnem  to  all  practical  men." — Engintfr. 

Iron  and  Metal  Trades^  Calculator, 

THE  IRON  AND  METAL  TRADES'  COMPANION: 
Being  a  Calculator  containing  a  Series  of  Tables  upon  a  new  and 
comprehensive  plan  for  expeditiously  ascertaining  the  value  of  any 
goods  bought  or  sold  bv  weight,  from  \s,  per  cwt.  to  Ii2j.  per 
cwt. ,  and  from  one  farthing  per  pound  to  one  shilling  per  pound. 
Each  Table  extends  from  one  pound  to  100  tons  ;  to  which  are 
appended  Rules  on  Decimals,  Square  and  Cube  Root,  Mensuration 
of  Superficies  and  Solids,  &c.  ;  also  Tables  of  Weights  of  Materials, 
and  other  Useful  Memoranda.  By  Thomas  Downie.  Strongly 
bound  in  leather,  396  pp.,  Qx. 
''  A  most  useful  set  of  tables,  and  will  supply  a  want,  for  nothing  like  them  before 

existed." — Building  N^exus. 

"  Will  save  the  posscsiwr  the  trouble  of  making  numerous  intricate  calculations. 

Although  specially  adapted  to  the  iron  and  metal  trades,  the  tables  contained  in  this 

handy  little  companion  will  be  found  useful  in  every  other  business  in  which  mcr- 

diandise  is  bought  and  sold  by  weight." — Railway  News, 
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Tramways  and  Uteir   Working. 

TRAMWAYS  :    their    CONSTRUCTION   and    WORKINa 
Containing  n  Comprehmsire  HUlorjr  of  the  SysWm ;  ui  exhaus- 
tive AiuJyus  of  the  V&rioui  Modes  of  Ttaclion,  iocluding  IIo[s« 
Pawer,  Slcarn,  Heated  Water,  and  Comprested  Air ;  *  Dcwriplion 
of  the  varieties  of  Rotling  Stock  ;  and  ample  DctaiU  of  CmI  and 
Working  Expenses,  nttb  Special  Reference  to  the  Tramirays  of  the 
United  Xin^don:!.     By  D.  Kinkeah  Clark,  M.  I.  C.  E.,  Aiilhor 
of  '  Railway  MacliiQcry,'  &c.,  in  one  TOL  8yo,  with  numeroos  illus- 
tiations  and  thirteen  folding  ptales,  iSi.  cloth.         \yml ptblUlui. 
"All  intemtedin  tianii*ain  muit  tcfer  to  it.  u  a]I  nilvay  mguricnuvt  turaad 
W  iIh  lulhor^  wgifc  '  Rmilwiy  Uachioeiy,'  lull  ihc  mort  nwdenU  ^ownion  of 
'Tnoiwiiri'iriU  pUee  il  iiilhio  Ilic  mcau  of  every  indinduil,  issad  af  liiniliai 
ll*  purdMM  to  iauituiioiu  or  Id  OoK  hwinr  a  brn  (mctic*." — Ttt  Biitiofr- 
•'Ml.  CUrk'i  bcek  i*  iadiipauiUi  for  the  nudcuu  of  ihc  aifaien.*-7a>  BmM^. 
"  '  'I  cjfhBiwtvo  And  tiTACtical  mrvrk  on  tnujir»t,  in  whkn  the  huHn  of  thi> 

r  1 _:_   — J  ."j ;_.: j  — .  -i  .1 :.... ■— -'tayinj  ms- 

4IHTflAliaa 

Iron  and  Sleel. 

'IKON  AND  STEEL':  a  Work  for  the  Force,  Foundry, 
Faclory,  and  Olfiee.  Containing  Ready,  Useful,  and  Trustworthy 
Informition  for  Ironmasters  and  Iheir  Stocktakeis  ;  Managers  of 
ilar,  Rail,  Plale,  and  Sheet  Rolling  Mills  ;  Iron  and  Mstal 
Founders  ;  Iron  Ship  and  liridee  iiuilders  ;  Mechanical,  Mining, 
and  Consulting  Engineers ;  ArchiiecLs,  Contractors,  Buildera,  and 
I'rufestiional  Draughtsmen.  By  Chaklks  Hoake,  Author  of 
'The  Slide  Kulc,'  ic.  Eighth  Eilition.  Revised  throughout  and 
considerably  enlarged.  Willi  fokling  Scales  of  "Foreign  Mea- 
sures compared  wilh  the  English  Foot,"  .ind  "(ixed  Scales  of 
Squares,  Cubes,  and  Roots,  Areas,  Decimal  Equivalents,  &c." 
fJblong,  3lnio,  leather  elastic-band,  bi. 


I 


» Ihc  book  has  not  iis  equal."— /'-^^i 
»iimcnd  \i\\i  bao\  to  thuw  e-c^^ei  m 


Pioneer  Engineering. 

I'lONEER  ENGINEERING.  A  Treali.io  on  the  Engineering 
Ot>crations  connected  willi  the  Settlement  of  Wasle  Lands  in  New 
CounlricE.  By  EriWARD  Dobsi'n,  Assoc.  Inst.  C.E.,  Authur  of 
"The  Art  of  Building,"  &c.  Willi  numerous  Hates  and  ^Vood 
ICngravings.      Crown  8vO,  ICu.  &/.  cloth. 

10  le  oV%on5LU«Vhin"r^^«  l"pK.K.r  ("siMcii"- i™^ 

Strains. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK; 
with  Practical  Remarks  on  Iron  Conslruclion.  By  F.  W.  ShEILDs, 
M.  Inst.C.E.    Second  EdiUon,  with  5  plates.    Royal  Svo,  S-t- c'of". 

Mr.  Sheildi.*— rA>  fiyi'iurr. 
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Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON :  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.,  Associate  of  the 
Royal  School  of  Mines.  With  numerous  Illustrations.  Fourth 
Edition,  revised  and  much  enlarged.  i2mo,  doth  boards,  5^. 
**  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important 

points,  while  all  material  matters  are  very    nilly  and  thoroughly  entered  mto." — 

Standard. 

Sanitary  Work, 

SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND 
IN  VILLAGES.  Comprising : — i.  Some  of  the  more  Common 
Forms  of  Nuisance  and  their  Remedies  ;  2.  Drainage ;  3.  Water 
Supply.  A  useful  book  for  Members  of  Local  Boards  and  Rural 
Sanitary  Authorities,  Health  Officers,  Engineers,  Surveyors, 
Builders,  and  Contractors.  By  Charxes  Slagg,  Assoc.  Inst.  C.  E. 
Crown  8vo,  y,  cloth. 

"This  is  a  very  useful  book,  and  may  be  safely  recommended The  author, 

Mr.  Charles  Slagg,  has  had  practical  experience  in  the  works  of  which  he  treats. 
There  is  a  great  deal  of  work  required  to  be  done  iu  the  smaller  towns  and  villages^ 
and  this  little  volume  will  help  those  who  are  willing  to  do  iX.J'-'Buildrr. 

Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  By  T.  M. 
GooDEVE,  M.A.,  Barrister-at-Law,  Author  of  **The  Principles 
of  Mechanics,"  "The  Elements  of  Mechanism,"  &c.  Second 
Edition.     With  numerous  Illustrations.     Crown  8vo,  dr.  cloth. 

'*  Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine,  which  will  bear 
comparison  with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no 
higher  pmise." — Engineer. 

"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  pos- 
sess himself." — Mining  Journal, 

Locomotives. 

LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on.  Com- 
prising an  Historical  Sketch  and  Description  of  the  Locomotive 
Engine.  By  G.  D.  Dempsey,  C.E.  With  large  additions  treat- 
ing of  the  Modern  Locomotive,  by  D.  Kinnear  Clark,  C.E., 
M.I.C.E.,  Author  of  "Tramways,  their  Construction  and  Working," 
&c.,  &c.   With  numerous  Illustrations.   i2mo.  y,  6d.  cloth  boards. 

\yust  pubiishtd. 
"  1  he  student  cannot  fail  to  profit  largely  by  adopting  this  as  his  preliminary  text- 
book."— Iran  and  Coal  Trades  Revie^v. 

"  Seems  a  model  of  what  an  elementary  technical  book  shotild  be.  The  book  will 
be  useful  to  all  young  engineers." — Academy. 

Steam. 

STEAM  AND  THE  STEAM  ENGINE,  Sutionary  and  Port- 
able,  an  Elementary  Treatise  on.  Being  an  Extension  of  Mr. 
John  Sewell's  Treatise  on  Steam.  By  D.  Kinnear  Clark, 
C.E.,  M.  I.C.E.,  Author  of  **  Railway  Locomotives,"  &c  Second 
Edition  Revised.     With  Illustrations.      i2mo,  4s,  cloth. 

*'  Every  essential  part  of  the  subject  is  treated  of  competently,  and  in  a  popular 
style."— /r^«. 
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ol  Smoke."     By  C.  W.  Williams,  A.I.C.E,     Wiih  eiict 
■ddilioni  on  Recent  Piaclice  in  the  Combaslioi]  and  Econan: 
Fuel— Coul   Coke,  Wood,  Peal.   PemlcDtn,  &c.  ;   by  D.   1 
MSAJi   Clakk,  C.E.,   M.!.C.E.     With   numenms  Illtsliralion&J 
iwna  Jj^  clolb  boards.  [Jw//«4"   "   ' 

"  Stu^na  (■Kould  fury  <h 

"  ITie  book  u  «  vijuaUe  out,  and  will  be  foMAd  of  gi 
■ml  MMugori"— 6W  TViWrCirtv^r 

Roads  and  Streets. 

THE  CONSTRUCTION  OF  ROADS  AND  STREETS. 
"       "    '       I,  Tlw  Alt  of  Conttnicling  Canmoit  '9a  ' 
■",  CE.    Revised  vid  Candensed  by  IXJt 
_.— II,  Recent  Praetictin  the  ConstioctlM^L 
:  including  Pnvcmsnls  or  Stone,  Wood,  aa^ifl 
.    XlNNEAR  Clabic.    C.E.,     M.l.C.E.        With    I 
p.  51.  cloth, 
ch  every  borough  luneyor  And  vngiiKer  mu^  posHU ,  and  wh^ch  v 


.tt«/Ca>Lig. 


Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  titcir  Slrenst?!,  Con- 
atniction,  and  Economical  Working.  liy  R.  Wclson,  CE. 
Fidh  Edition.      13mo,  61.  cloth. 

-  The  husl  norli  on  boiler  ivhkh  hM  corns  under  our  n-Mict  --/ri.-r/.j.-.-j.,f. 

•'  ITic  U:sl  trcjtiii:  Ihal  has  c.tr  been  ]ml-1i,htd  so  steam  boileri."— i/v"""-- 

Practical  Tunnelling: 

PRACTICAL  TUNNELLING:  Explaining  in  detr.il  llieSeHing 
out  of  llic  Works,  Sliaft-slnking  and  I  lead  I  ng- Driving,  Rni^^ing 
the  Lines  and  Leicl  ling  under  Ground,  Sub.  Excavating,  'I'linhtring', 
and  the  Construction  of  the  Urickwork  of  Tunnels  with  tVe  .-.innimt 
of  labour  renuired  for,  ind  ilie  Cost  of,  Hie  various  poriiins  of  the 
work.  By  FREDF.BrCK  Walter  Simus,  M.  Inst.  C.K.,  niithor 
of  "A  Treatise  on  Levelling."  Third  Edition,  Rei-iscJ  and  Lt- 
tcnded.  Hy  D.  KlNNRAR  CLARK.  M.  Inst.  CE.  Imp.  S-™.  with 
21  Eolding  Plates  and  numerous  Wood  Engravings,  ji'j.  tl.itli. 

-'Mr.a:.rlc'.<a<ldIlion3lchapRnonlhi:MontCcn;aiuldSl.GothnrJT:mn.:sr.>i>»;n 
minute  nntl  v.-ilualile  experiences  and  d;i(a  relating  to  the  method  of  excav.ni.Mi  by 
compre^cd  air,  the  hcadinf^  opcriiELi>ii9,  rock-ljaring  luachjiierv.  prp>c«*i  01  cnljrj;v- 


Ihirty  years  ca 
Kaotiiie  :-■  1 


"rraclicalTunoellinR."'—?'** /!«*//«/ 
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Locomotive- Engi7ie  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  ;  a  Practical  Manual  for 
Engineers  in  charge  of  Locomotive  Engines.  By  Michael 
Reynolds,  Member  of  the  Society  of  Engineers,  formerly  Loco- 
motive Inspector  L.  B.  and  S.  C.  R.  Fourth  Edition,  greatly 
enlarged.  Comprising  A  KEY  TO  THE  LOCOMOTIVE 
ENGINE.  With  Illustrations  and  Portrait  of  Author,  Crown 
8vo,  4r.  dd.  cloth. 

"  Mr.  ReynoMs  deserves  the  title  of  the  engine  driver's  friend." — Raihi'ay  News. 

**  Mr.  Reynolds  has  supplied  a  w.int,  and  has  supplied  ic  well.  Wc  can  cunfidenUy 
recommend  the  book  not  only  to  the  pra^tiail  driver,  but  to  every  one  who  takes  an 
interest  in  the  performance  of  locomotive  cn;;ines." — The  Engineer. 

"Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day.  This 
admirable  practical  treatise,  of  the  practic:d  utility  of  which  we  have  to  speak  in 
terms  of  warm  commendation." — Athcmeitm. 

The  Engijicer,  Fireman,  and  Engine-Boy, 

TIIK  .MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN, 
AND  ENGINE-IJOY  :  comprising  a  Historical  Notice  of  the 
Pioneer  Locomotive  Engines  and  their  Inventors,  with  a  project 
for  the  establishment  of  Certificates  of  Qualification  in  the  Running 
Service  of  Railways.  By  Michael  Reynolds,  Author  of 
**  Locomotive- Engine  Driving."  With  numerous  Illustrations, 
and  a  fine  Portrait  of  George  Stephenson,  **  the  Eather  of  Rail- 
ways."    Crown  8vo.     ^r.  dd.  cloth.  \Just published. 

Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads ;  with  Mr. 
Telford's  Rules  for  the  same.  By  Frederick  W.  Simms, 
F.G.S.,  M.  Inst.  C.E.  Sixth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law's  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  Trautwine's  Field  Practice  of  Ikying 
out  Circular  Curves,  With  7  Plates  and  numerous  W^oodcuts.  8vo, 
&y.  6f/.  cloth.  %♦  Trautwine  on  Curves,  separate,  5x. 

"One  of  the  most  important  text-books  for  the  general  surveyor,  and  there  is 
scarcely  a  question  connected  with  levelling  for  which  a  solution  would  be  sought  but 
that  would  be  satisfactorily  answered  by  consulting  the  volume." — Mining  Journal. 

*'  'llie  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges."— 
Eugifuer. 

The  High-Pressure  Steam  Engitie. 

THE  HIGH-PRESSURE  STEAM  ENGINE ;  an  Exposition 
of  its  Comparative  Merits,  and  an  Essay  towards  an  Improved 
System  of  Construction,  adapted  especially  to  secure  Safety  and 
Economy.  liy  Dr.  Ernst  Alban,  Practical  Machine  Maker, 
Plau,  Mecklenberg.  Translated  from  the  German,  with  Notes,  by 
Dr.  Pole,  F.R.S.,  M.  Inst.  C.E.,  &c.,  &c.  With  28  fine  Plates, 
8vo,  i6x.  6d,  cloth. 

"A  work  like  thi5>  which  goes  thoroughly;  into  the  examioatioii  of  the  high-pressure 
engine,  the  l>oiler,  and  its  appendages,  &c.,  is  exceedingly  u&eful,  and  deserves  a  place 
in  every  scientific  library,  "•-^/ram  Shippit^  Chronicu, 


WORKS  IN  ENGINEERING,  SURVEYING.  ETC., 


SiaU  and  Slate  Quarrying. 

A  TREATISE  ON  SLATE  AND  SLATE  QUARRYING, 
Sdentific,  Practical,  aniJ  Comincn  '  '     "    "   —  "  ^  ^  ^ 

Mining  Engineer,  &c     Wilh  nui 
Plates.     Crown  Svo,  6j.  clolli. 
"A  uHfuL  and  piActicd  haod-book  on  on  iir 

;  obicrved  [n  uldn^  quamu,  the  proc 
■uch  full  nacibtfc^  of  the  preMiit  aad  pui 
Wtlei.~—  7-*r  ^  fi  Ailrtl. 

Metalliferous  Mining. 

A  TREATISE  ON  METALLIFEROUS  MINERALS  AND 
MINING.  ByD.  C.  Daviks.  F.G.S.,  ouihor  of  "A  Treatise  on 
SlnlennJ  iilikic  QuaTrying."  Illustntcd  wilh  numerotui  wood  en- 
gravings, crown  Svo.  \In  firtfaralnH. 

hydraulics. 

'  HYDRAULIC  TABLES,  CO- EFFICIENTS,  vdA.  FORMULjK 
for  finding  Ihe  Diichatge  of  Water  from  OHAms,  Notches,  Weirs, 
Pipes,  and  Rivers.  Wilh  New  Formula,  Tables,  and  General 
Information  on  Kain-fall,  Calchment-B^ins,  Drainage,  SeweragE, 


Strength  of  Cast  Iron,  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTilER  METALS.  By  Thomas  Tredgold,  M.I.C.E,, 
Author  of  "  Elementary  Principles  of  Carpentry."  Fifth  Edition, 
Edited  by  E.  Hodgkinson,  F.R.S.  With  9  Engravings  and 
numerous  Woodcuts.     Svo,  lis.  cloth. 

Mining,  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables  ;  and  Descriptions  of  Im- 
proved Instruments  ;  also  an  Exposition  of  the  Correct  Principles 
of  Laying  out  and  Valuing  Home  and  Foreign  Iron  and  Coal 
Mineral  I'roperlies.  By  William  LinterN,  Mming  and  Civil 
Engineer.  With  four  Plates  of  Diagrams,  Plans,  &c,  12mo,4J.  cloth. 
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i  thoroughly  in 
,    bound  h' ' 


'■) 


Cotnmon  Sense  /or  Gas-Users. 

COMMON  SENSE  FOR  GAS-USERS:  a  Catechism  of  Gas- 
Lighting  for  Householders,  Gasfilters,  Millowners,  Architects. 
Engineers,  &c,  &c.  By  Robert  Wilson,  C.E.,  Author  of  "A 
Treatise  on  Steam  Boilers."  Second  Edition.  Cron-n  Svo,  stwed, 
with  Folding  Plates  and  Wood  Engravings,  21.  6d. 
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Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING :  a  Rudimentary  Treatise  on.     By 

Warington  W.   Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector 

of  the  Mines  of  the  Crown.     New  edition,  revised  and  corrected. 

i2mo,  with  numerous  Illustrations,  4r.  cloth  boards. 

"  Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outlme  is  pven  of  every  known  coal-field  in  this  and  other  countries,  as  well  as 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  interest  a  very 
large  number  of  readers." — Mining  Journal. 

Earthwork. 

EARTHWORK  TABLES,  showing  the  Contents  in  Cubic  Yards 
of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  Joseph  Broadbent,  C.  E.,  and  Francis 
Campin,  C.E.     Cr.  8vo,  oblong,  5J.  cloth. 

"The  way  in  which  accuracy  is  attained,  by  a  simple  division  of  each  cross 
section  into  three  elements,  two  of  which  are  constant  and  one  variable,  is  in- 
genious." — A  thenaum. 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical  and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c.,  with  the  most  useful  Problems  in  Geodesy 
and  Practical  Astronomy.  By  Lieut. -Gen.  Frome,  R.E.,  late  In- 
spector-General of  Fortifications.  Fourth  Edition,  Enlarged,  and 
partly  Re- written.  By  Captain  Charles  Warren,  R.E.  With 
19  Plates  and  115  Woodcuts,  royal  8vo,  i6j.  cloth. 

Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire- Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire ;  Statistics  of  the  Fire  Appliances  in  English 
Towns  ;  Foreign  Fire  Systems ;  Hints  on  Fire  Brigades,  &c.,  &c. 
By  Charles  F.  T.  Young,  C.E.  With  numerous  Illustrations, 
handsomely  printed,  544  pp.,  demy  8vo,  l/.  \s.  cloth. 
"  We  can  most  heartily  commend  this  book." — Engineering. 

"  We  strongly  recommend  the  book  to  the  notice  of  all  who  are  in  any  way  in- 
terested in  fires,  fire-engines,  or  fire-brigades." — Mechanic^  MetgoMine, 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Muie  Managers,  Agents, 
Mining  Students,  &c  By  William  Morgans,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.  Volume  of  Text 
i2mo,  3^*.  With  an  Atlas  of  Plates,  containing  235  Illustrations. 
4to,  6x.      Together,  9J.  cloth  boards. 

"  Students  in  the  Science  of  Mining,  and  Overmen,  Captains,  Managers,  and 
Viewers  may  gain  practiod  knowledge  and  useful  hmts  by  the  study  ot  Mr. 
Morgans'  MamMl." — ColUtry  GuardtoH. 

**  A  very  valuable  work,  which  will  tend  materially  to  tmiurove  our  mining  liter»- 
tiure." — Mining  Journal. 
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Engineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
spplied  to  Land  >nd  Hydraulic,  Hydiographic,  and  Sulimarine 
Surveying  and  Lcrelling.  Second  ^lilion,  revised,  with  oonsiJn- 
sble  additions,  and  a  Hupplemciitiiiy  Volume  on  WATER- 
WORKS, SEWERS,  SEWAGE,  and  IRRIGATION,  ^j  W. 
Davis  Hassoll,  C.E.  Numerous  foldine  Pb(e&  Demy  Bro, 
vols,  in  one,  clolh  boards,  i/,  51.  (published  at  3/.  4/.) 

Watcnvorks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
ivlih  B  Ducription  of  the  Principal  Ceologiu!  Fonnatiant  of 
Englandas  JnAuencinf;  Supplies  of  Waicr.  By  Sauuel  Hughes, 
C.K.     New  anil  cnUlged  nUlion,  isn:0,  4r.  bit.  dalh. 


I 


Steam. 

THE  SAFE  USE  07  STEAM  :  conlainins  Rules  for  Unprw- 

fc£-.i.,iii,il  Ste^im  I'ieis.    r.yan  Kncini.Kr.   41I1  iviilion,    Hexvtd,  6./. 

•'  If  stesm-iistrs  would  but  lorn  this  Hlile  boolt  by  heart,  boilei  eiplosioni  wguld 

Field- Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  ami  CON- 
TRACTOR'S FIELD-BOOK.     By  W.  Davis  Haekoll,  C.E. 

Consisling  of  a  freries  of  Tables,  with  Rules,  Explanations  of 
Systems,  and  Use  of  Theodolite  for  Traverse  Surveying  and  Plotting 
llie  Work  vfilh  minute  accuracy  by  means  of  Straight  Eiigc  and  Set 
.'^quaieonly;  Levelling  with  tlic  Tliccidolitc,  Casting  out  and  Re- 
ducing Levels  to  Datum,  anil  Plotling  Sections  in  the  oriUnary 
manner;  Setting  out  Curves  with  the  Theodolite  by  Tatigeitliat 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  tlie 
Instninienl;  Setling  out  Cun-es  without  Theodolite  on  the  System 
of  Tani.'enlial  Angles  by  Sets  of  Tangcnis  ami  Oflset?;  and  Earlh- 
woik  tQl>ks  to  80  feet  deep,  calculated  fur  cvcrj-  6  inches  in  depth. 
With  numerous  wood-culs.  Fourth  Edition,  enlanred.  Crown  Svo. 
1 21.  eUh. 
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Earthzuork,  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.  By  Ai.ex.  J.  S.  Graham, 
C.H,,  Kesiiknl  Engineer,  Forest  o(  Dean  Cenlral  Railway.  With 
s  Diagrams.     iSmo,  ■is.  &/.  cloth. 
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Bridge  Cofistruction  in  Masonry y  Timber,  &  Iron. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION  OF  MASONRY,  TIMBER,  AND  IRON  ;  consisting  of 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  sdect 
Works.  By  \V.  Davis  Haskoll,  C.E.  Second  Edition,  wiUi 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
illustrated  with  6  pages  of  Diagrams.  Imp.  4to,  2/.  I2x.  6^«  half- 
morocco, 

"  One  of  the  very  few  works  extant  descending  to  the  level  of  ordinary  routine,  and 
treating  on  the  common  cvery-day  practice  of  the  railway  engineer.  ...  A  work  of 
the  present  nature  by  a  man  of  Mr.  HaskoU's  experience,  must  prove  invaluable  to 
hundreds.  The  tables  of  e:>tiinates  appended  to  this  edition  wdl  considerably  enlumce 
its  value." — EH^tieering. 

Drawing  for  Engifteers^  &c. 

THE     WORKMAN'S     MANUAL     OF      ENGINEERING 

DRAWING.      By  John   Maxton,   Instructor  in  Engineering 

Drawing,  Royal  Naval  College,  Greenwich,  formerly  of  R.  S.  N.  A., 

South  Kensii^on.  Third  Edition,  carefully  revised.   With  upwards 

of  3cx>  Plates  and  Diagrams.     i2mo,  cloth,  strongly  bound,  41, 

"  Even  accompliihed  draughtsmen  will  find  in  it  much  that  will  be  of  use  to  them. 
A  copy  of  it  should  l>e  kept  for  reference  in  every  drawing  office." — Engineering. 
•'  Indispensable  for  teachers  of  engineering  drawing." — Mechanics^  Ma^azint, 

Oblique  Arches, 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hart.  Third  Edition,  with 
Plates.     Imperial  8vo,  8^.  cloth. 

Oblique  Bridges, 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  foldmg  Plates.  By  Geo.  Watson 
Buck,  M.  Inst.  C.E.  Second  Edition,  corrected  by  W.  H, 
Barlow,  M.  Inst.  C.E.     Imperial  8vo,  12s,  cloth. 

'*  The  standard  text  book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's 
treatise  and  it  would  be  impossible  to  consult  a  bctttr."—£ ftg-ifuer. 

Weales  Dictio7iary  of  Terms. 

A  DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCII/EOLOGY,  the  FINE  ARTS,  &c.  By  John  Weale. 
Fifth  Edition,  revised  and  corrected  by  Robert  Hunt,  r.R.S., 
Keeper  of  Mining  Records,  Editor  of  **  Ure's  Dictionary  of  Arts," 
&c.     i2mo,  cloth  boards,  6j. 

"  The  best  small  technological  dictionary'  in  the  language." — Architect. 

"  There  is  no  need  now  to  speak  of  the  excellence  of  this  work  ;  it  received  the  ap- 
proval of  the  community  long  ago.  Edited  now  by  Mr.  Robert  Hunt,  and  published 
in  a  cheap,  handy  form,  it  will  be  of  the  utmost  service  as  a  book  of  reference  scarcely 
to  be  exceeded  in  value." — Scotsman. 

*'  The  absolute  accuracy  of  a  work  of  this  character  can  only  be  judged  of  after 
extensive  consultation,  and  from  our  examination  it  appears  very  correct  and  very 
complete."- -J//»<>i^  Journal. 
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NAVAL   ARCHITECTURE   AND 
NAVIGATION,  ETC. 


Pocket  Book  for  Naval  Archite£ts&  Shipbuilders. 

THE    NAVAL     ARCHITECT'S     AND    SHU'OUILDER'S 
POCKET  BOOK  OF  KORMULvE,  RULES,  AND  TABLES   l 
AND  MARINE  ENGINEER'S  AND  SURVEYOR'S  ILANDV   I 
BOOK  OF  REFERENCE,     By  Clkuent  Mackhow.  N«v«l   I 
Draughtsman,   Asiodale  of  Ihe  lasdtulioQ  of  Nav.i]  Archilectfi 
With  numerous  Diagrima,   &c      Iimo,  slronglj  bound  in  leather, 
with  elastic  strap  for  pocket,  iir,  W.  Xyutt  ttoJy. 

Grantham's  Iron  Ship-Bnildtng. 

ON  IRON  SHIP-BUILDING;   with  Practical  Examples  and 
Details.     Fiiih  EditioD.     Imp.  4I0,  boards,  eolirged  &0111  34  to  40  ■ 
Plates  [31  quite  new),  incln^iiig  the  Uiest  EKunples,     Together  J 
vitb  separate  Text,  ^o  cansidasbly  eukuged,  lamo,  dolli  limib  ■ 
By  John  Grantham,  M.  Inst.  C.E.,  &e.     2/.  *f.  complete.  1 


buiUihg  of  candjjalb  iot   promoliDD    in   die  dockyards  will  L>c  mainly  Uaacd/'^ 

Pocket- Book  for  Marine  Engineers. 

A  POCKET  BOOK  FOR  MARINE  ENGINEERS.  Con- 
taininj;  useful  Rules  and  Formula;  in  n  compact  form.  Uy  Frank 
PftoCTOB,  A.I.N.A.  .Second  Edition,  revised  and  eiilari;ed. 
Royal  32mo,  lealher,  gilt  edges,  with  strap,  41. 


Light-Houses. 

EUROPEAN  LIGHT-HOUSE  SYSTEMS;  being  a  Report  of 
a  Tour  of  Inspection  mnde  in  1873.  liy  Major  GEOKGli  IE 
El.LIOT,  Corps  of  Enfjinccrs,  U.S.A.  Illustrated  by  51  En- 
graiings  and  31  Woodcuts  in  the  Text.      8vo,  Iir.  ciuth. 

Surveyiftg  (Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  In  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railivays,  Canals,  Rivers, 
Towns'  ^Yater  Supplies,  Docks  and  Harbours;  with  Desciiplion 
andUseofSurveymglnstnimenls.  By  W.  Davis  HasKOLi,  C.E. 
With  14  folding  Plates,  and  numerous  Woodcuts.  Svo.  121.  6./.  cloth. 
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Storms. 

STORMS :  their  Nature,  Classification,  and  Laws,  with  the 
Means  of  Predicting  them  by  their  Embodiments,  the  Clouds. 
By  William  Blasius.  With  Coloured  Plates  and  numerons 
Wood  Engravings.     Crown  8vo,  ioj.  dd.  cloth  boards. 

Rudimentary  Navigation, 

THE  SAILOR'S  SEA-BOOK:  a  Rudimentary  Treatise  on  Navi- 
gation. Part  I.  How  to  keep  the  Log  and  Work  it  off.  Part  II. 
On  Finding  the  Latitude  and  Longitude.  By  James  Green- 
wood, B.A.  To  which  are  added,  the  Deviation  and  Error  of  the 
Compass ;  Great  Circle  Sailing  ;  the  International  (Commercial) 
Code  of  Signals  ;  the  Rule  of  the  Road  at  Sea  ;  Rocket  and  Mortar 
Apparatus  for  Saving  Life ;  the  Law  of  Storms ;  and  a  Brief 
Dictionary  of  Sea  Terms.  With  numerous  woodcuts  and  coloured 
plates  of  flags.  New,  thoroughly  revised  and  much  enlarged 
edition.  By  W.  H.  Rosser,  Author  of  the  "Deviation  of  the 
Compass  considered  practically,"  "The  Yachtsman's  Handy-Book 
for  Sea  Use,"  &c.,  &c.     i2rao,  Jj.  cloth  boards.     [Just published, 

MatJiematical  and  Nautical  Tables. 

MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.  By  Hknry  Law,  C.E.  Together  with  a  Series  of 
Tables  for  Navigation  and  Nautical  Astronomy.  By  J.  R. 
Young,  formerly  Professor  of  Mathematics  in  Belfast  College. 
New  Edition.     i2mo,  4J.  cloth  boards.  [Just  published, 

Navigatio7t  {^Practically  with  Tables. 

PRACTICAL  NAVIGATION  :  consisting  of  the  SaUor's  Sea- 
Book,  by  James  Greenwood  and  W.   H.   Rosser  ;   toge^j^^j. 
with  the  requisite  Mathematical  and  Nautical  Tables  for  the  W    , 
ing   of  the   Problems.     By  Henry   Law,   C.E.,  and   Prof° 
J.  R.  Young.     Illustrated  with  numerous  Wood  Engravings^^^^ 
Coloured  Plates.     i2mo,  yj.  strongly  half  bound  in  leather. 

\Jmt  published, 

^EkLFS   RUDIMENTARY   SERIES. 

The  following  books  in  Naval  Architecture,  etc.,  are  ptblished  in  the 

above  series. 

MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS.     By 

Robert    Kipping,     N.A.      Fourteenth    Edition.      Illuitrated. 

i2mo,  2J-.  6d.  cloth  boards. 
SAILS   AND  SAII^MAKING.     Tenth  Edition,  enlarged,  with  an 

Appendix.     By  Robert  Kipping,  N.A.     Illustrated.   i2mo,  3^. 

cloth  boards. 

NAVAL  ARCHITECTURE.  By  James  Peake.  Fourth  Edition, 
with  Plates  and  Diagrams.     i2mo,  41.  cloth  boards. 

MARINE  ENGINES,  AND  STEAM  VESSELS.  By  Robert 
Murray,  C.E.  With  a  Glossary  of  Technical  Terms,  and  their 
Equivalents  in  French,  German,  and  Spanish.  Seventh  Edition. 
Illustrated.     i2mo,  3^.  dd,  cloth  boards. 


WORKS  IN  ARCHITECTURE,  ETC., 

ARCHITECTURE,  &c. 


I 


Constrttction, 

THE  SCIENCE  of  BUILDING:  Ad  ElemenUiy  Tiealiic  oa 
the  Principles  of  Constmclion.  By  E.  Wvndham  Tarn,  M.A., 
Ardiilect.    Willi  47  Wood  Engtavines.    Demy  8vo.    it.  6J.  cloth. 

*'A  vcfy  vaioablf  book,  trhlEh  wc  itn>n);Ly  ncnniniend  la  ill  itudfliU.'' — Bviidcr 
"  Kq  jiTchiUcrur^  Mudent  sliQuld  b*  wilhoiit  thit  bAgd-Ewok." — AnkiUet. 

Beatoiis  Pocket  Estimator. 

THE     POCKET    ESTIMATOR    FOR    THE    BUILDING 

TRADES,  being  an  asj  melhod  of  esliniallne  tlie  various  part] 
of  a  Building  coUectiTely,  more  especially  applied  tf  Caqienters' 
mnd  Joiners'  work,  priced  according  Ili  tlie  pietent  valae  of  mateiial 
and  laboar.  By  A.  C.  Beatok,  Author  of  "Quantilies  wid 
Meamremeiits."  Second  Edilion.  CsreRilly  revised.  33  Wood-  I 
call,     ixfttliei.     Waistcoat-pocket  mz«,     Ia  6/.  ■ 

Beaton's  Builders' and  Surveyors  Technical  Guide. 

THE  rOCKET  TECHXICAL  liUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Rtlerence,  Tecliiiical  Dirccliuns  fur  Mcaiuring  Work  in 
all  Die  liuiUliiig  Trader,  &c.  By  A.  C.  Beaton.  Second  Edit. 
With  19  Woodcuts.    Leatlier,     Waisl coal  pocket  siie.     u.  (nl. 

Villa  Architecture. 

A  IIANDV  liOOK  of  VILLA  ARCIUTECTURE  ;  being  a 
Setici  of  Designs  for  Villa  Residences  in  various  Slyles,  With 
Delailcd  Specifications  and  Estimates.  By  C.  WlCKES,  Architect, 
Author  of  "The  .Spites  and  Towcrsof  the  Medi«vaIChurdiesof  Enj;- 
land,"  Sc  31  riates,  4I11,  half  morocco,  gilt  edges,  \l.  11. 
','  Also  nn  Eiilar,;td  cililion  of  the  aliove.  Ol  Plates,  with  Detailed 
specifications,  E>liniates,  S:c.      £,'.  2J.  half  niomcco. 

"The  »'hi>lc  of  the  Joluiii  bat  evidence  of  llicir  being  die  uork  of  3n  Ulislic 
arehit^ci,  and  ihey  b.II  j.rgw;  v=ri'  valualile  and  sugg&lwe.'— fini^mj  .Vc^'i. 

House  Painting. 

HOUSE  PAINTING,  GRAININC,  HIARIil.IXG.  AND 
SIGN  WRITING  :  a  Practical  Maiinal  of.  Wilh  9  Coloured 
Plates  of  Woo<ls  and  Marbles,  and  nc:irly  150  Wood  Engravings. 
By  El.Lls  \.  UavIhsoN,  Author  of  ' '  Building  Coiisl ruction,"  &c. 
Second  Edition,  carcfidly  rcvi.-eii.     l2ino,  6j.  cloth  boanJs. 

Wilson's  Boiler  and  Factory  Chimneys. 

BOILER  AND  FACTORY  CHi-MNKVS  :  their  Urangbt-poivcr 
and  Slaliilily,  willi  a  cli.iplcr  on  Lightning  Conductors.  By  Robkrt 
Wilson,  C.E.,  Author  of  "  Treatise  on  Stctm  Boilers,"  &c.,  &c. 
Crown  Svo,  31.  (xl.  cloth. 
"A  must  v^tuaMe  IiodI;  afva  kind,  full  or  uwM  inn.nuiilian,  dennite  in  stalcniem 
and  thoroughly  practical  in  UcalmcnL" — The  Lot-al  liffz^tmiiu-nt  CAnwii/^. 
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A  Book  on  Building. 

A  BOOK  ON  BUILDING,  CIVIL  AND  ECCLESIASTICAL. 

By  Sir  Edmund  Beckett,    Bart.,   LL.D.,   Q.C.,     F.R.A.S., 

Author  of  "Clocks  and  Watches  and  Bells,"  &c     Crown  8vo, 

with  Illustrations,  *js.  (xi,  cloth. 
*' A  book  which  is  always  amusing  and  nearly  always  instructive.     Sir  E.  Beckett 
will  be  read  for  the  raciness  of  his  style.    We  are  able  very  cordially  to  recommend 
all  persons  to  read  it  for  themselves.    The  style  throughout  is  in  the  highest  degree 
ooodensed  and  epigrammatic.'*— yiwr/*. 

"  We  commend,  the  book  to  the  thoughtful  consideration  of  all  who  are  interested 
io  the  building  aat."— Builder. 

Architecture^  Ancient  and  Modern. 

RUDIMENTARY  ARCHITECTURE,  Ancient  and  Modem. 
Consisting  of  VITRUVIUS,  translated  by  Joseph  Gwilt, 
F.S.A.,  &c.,  with  23  fine  copper  plates;  GRECIAN  Archi- 
tecture, by  the  Earl  of  Aberdeen  ;  the  ORDERS  of 
Architecture,  by  W.  H.  Leeds,  Esq. ;  The  STYLES  of  Archi- 
tecture of  Various  Countries,  by  T.  Talbot  Bury  ;  The 
PRINCIPLES  of  DESIGN  in  Architecture,  by  E.  L.  Garbett. 
In  one  volume,  half-bound  (pp.  1,100),  copiously  illustrated,  I2j. 
*^*  Sold  separaltly,  in  two  vols.^  as  follonvs — 

ANCIENT    ARCHITECTURE.      Containing  Gwilt's    Vitruvius 
and  Aberdeen's  Grecian  Architecture.     Price  oj.  half-bound. 

N.B.  —  r^/j  is  the  only  edition  of  VITRUVIUS  procurable  at  a 
moderate  price. 

MODERN  ARCHITECTURE.    Containing  the  Orders,  by  Leeds  ; 
The  Styles,  by  Bury ;  and  Design,  by  Garbett.     6j.  half-bound. 

The  Young  Architect's  Book, 

HINTS  TO  YOUNG  ARCHITECTS.  By  George  Wight- 
wick,  Architect,  Author  of  "  The  PaJace  of  Architecture,"  &c.,  &c 
New  Edition,  revised  and  enlarged.  By  G.  Huskisson  Guil- 
LAUME,  Architect.  Numerous  illustrations.  i2mo,  cloth  boards,  4^. 
"Will  be  found  an  acquisition  to  pupils,  and  a  copy  ought  to  be  considered  ai 
necessary  a  purchase  as  a  box  of  instruments." — Architect. 

"  Contains  a  large  amount  of  information,  which  young  architects  will  do  well  to 
acquire,  if  they  wish  to  succeed  in  the  everyday  work  of  their  profession."— £«^/mA 
Mechanic, 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  George  Pyne,  Author  of  a  **  Rudimentary  Treatise  on  Per- 
spective for  Beginners."     With  14  Plates,  4to,  ^s.  6d.  boards. 

Builders  and  Contractors  Price  Book. 

LOCKWOOD  &  CO.'S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK  for  1879,  containing  the  latest  prices  of  all  kinds 
of  Builders'  Materials  and  Labour,  and  of  all  Trades  connected 
with  Building,  &c.,  &c.  The  whole  revised  and  edited  by 
Francis  T.  W.  Miller,  Architect  and  Surveyor.  Fcap.  8vo, 
strongly  half-bound,  4f. 
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Dfixuld bill's  lljoidlj-j ^'k  of  >pr:inc«:.-  :.s  mua:  \ 

Taylor  and  Crcsys  Rome. 

TlIK  AKCHITJXTL'KAL  AN' 
the  laic  (i.  L.  'J'ayi.ok.  Ksq.,  F.S 
New  Ktlition,  thoroii;»lily  revised, 
editorial  (ar.*  of  the  Rev.   A  lex  a 

J  .     «  the  late  Ci.  L.  Taylor,   H»q.)»  Ch 

«•  the  only  boon  which  gives  on  a  lar 

of  architectural  measurement,  the  p 
Rome  in  plan,  elevation,  and  detail 

If  half-bound,  3/.  3^. 

I.        '  *,*  Orijjinally  published  in  two  > 

Spccificatio7is  for  Practical 

\  SPKCIFICATIONS  FOR  PRA( 

■   I  A  ( luide  to  the  Architect,  En^^inet 

i  an  lC>say  on  the  Structure  and  Scie 

•  .  Frederick  Rogers,  Architect. 

Demy  8vo,  \^s.  cloth.     (Published 
•  ^  *•*  A  vol  I 'me  of  spec  ifiCAt  inns  of  a  practical  ch; 

'  old  standard  work  02  Alfred  liarthultimcw  Lcin{; 

of  tii.it  work,  ha.s  pio<liiccd  the  above.     He  has 
that  have  been  erected  in  his  own  practice. 

The  House-Owners  Estimi 

TlIK    IIOUSL-OWNER'S    KST 
Cost  to  Huild,  Alter,  or  Repair? 
Use  of  Unprofc-sional    People  as 
Surveyor  and  builder.    IJy  the  late  J 

*  Llditeil  and  Revised  by  Francis  T. 

numerous  Illustrations.     Second  Ed 
corrected  to  present  time.     Crown  8 

<\  "In  two  yuars  it  will  rejiav  its  C'l^t  a  hundred 

pi  "  A  verv  fiandv  IkhiL*  ft«r  tiu«*./»  wKr.  u-'i.i*  •».  i- 
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CARPENTRY,  TIMBER,  MECHANICS. 

1 

TredgolcTs  Carpentry^  new  and  cheaper  Edition. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  : 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c.  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c., 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building ;  also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  MateriaJs,  &c.  By  Thomas  Tredgold, 
C.E.  Edited  by  Peter  Barlow,  F.R.S.  Fifth  Edition,  cor- 
rected  and  enlarged.  With  64  Plates  (i  i  of  which  now  first  appear 
in  this  edition),  Portrait  of  the  Author,  and  several  Woodcuts.  In 
I  vol.,  4to,  published  at  2/.  2j.,  reduced  to  i/.  5^*.  cloth. 

"  Ought  to  be  in  every  architect's  and  every  btiilder's  library,  and  those  who 
do  not  already  possess  it  ought  to  avail  themselves  of  the  new  issue.  — BuileUr. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  car- 
pentry is  concerned.  The  Author's  principles  are  rather  confirmed  than  impaired  by 
time.    The  additional  plates  are  of  great  intrinsic  value." — Building  Newx. 

Grandys  Timber  Tables. 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS, 
and  BUILDER'S  STANDARD  GUIDE.  By  Richard  E. 
Grandy.  Comprising  : — An  Analysis  of  Deal  Standards,  Home 
and  Foreign,  with  comparative  Values  and  Tabular  Arrangements 
for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  Deals, 
including  all  intermediate  Expenses,  Freight,  Insurance,  &c,  &c.  ; 
together  with  Copious  Information  for  the  Retailer  and  Builder. 
Second  Edition.  Carefully  revised  and  corrected.  i2mo,  3/.  (nL 
cloth. 

"  Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a 
treenail,  and  tm>ows  in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns, 
cisterns,  &c — all  that  the  class  to  whom  it  appeals  re<)uires." — English  MeckoHtc. 

"  The  only  difficulty  we  have  is  as  to  what  is  not  in  its  pages.  What  we  have  tested 
of  the  contents,  taken  at  random,  is  in  variably  correct." — IllustrtitedBuildei^tJotfmal* 

Tables  for  Packing-Case  Makers. 

PACKING-CASE  TABLES  ;  showing  the  number  of  Superficial 

Feet  in   Boxes  or   Packing-Cases,   from  six  inches  square    and 

upwards.      Compiled  by  William   Richardson,  Accountant. 

Second  Edition.    Oblong  4to,  y,  6d.  cloth. 

"Will  save  much  labour  and  calculation  to  packing-case  makers  and  those  ti^o  use 
packing-cases."-H^yvcrr.  **  Invaluable  labour-saving  tables." — Ironmongtr, 

NicholsofCs  Carpenter  s  Guide. 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS  :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  Peter  Nicholson's  standard  work.  A  new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  George  Pyns.     With  74  Plates,  4to,  i/.  \s.  doth. 
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WORKS   ON  CARPENTRY,  TIMBER,  ETC, 


Dowsin^s  Timber  Alerc/iani's  Companion, 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM- 
PANION ;  conUining  Nnr  ami  Copioiu  Tables  of  the  Redaced 
Weight  and  Measurement  cC  Deals  and  Battens,  of  all  size,  (rom 
One  lo  »  Tliousand  Fiecei,  and  the  relative  Price  that  each  size 
bears  per  Lineal  Foal  to  ar.j  givca  I'lice  per  Feteisbnrgh  Standard 
UnndiEd  ;  ILe  Pnce  per  Cube  Foot  of  Square  Timber  to  suiy  given 
Wee  per  Load  of  50  Feet ;  the  proportionate  VaJne  of  D^s  and 
Battens  by  the  Standard,  to  Square  Timber  by  the  Load  of  50  Feet ; 
the  readiest  mode  of  as(;ertainiiig  the  Price  of  Scantling  per  Lineu 
Fool  of  any  tAie,  to  any  given  Figure  per  Cube  Foot.  Also  m. 
wuiety  of  oih«  TBiuahIc  information.  By  Willum  Dowsucs, 
Timber  hterchaat.  Tliird  Edition,  Revised  and  Corrected.  Croim 
Svo,  3/.  doth. 
"EvtfylhiDg  a  u  nmcue  and  dear  u  it  can  punbly  be  nude.  ThcK  olu  be  no 
doubt Lhitevciy  tiutcrnvrchunuuL builder ou^^ to poiKii  iL* — Hnli Ativtrlarr. 

Timber  Freight  Book. 

THE     TIMBER     IMPORTERS'     AHD      SHtK 
FREIGHT  BOOK  :  Being  a  Comptehensive  Series  of  Tables  for  * 

llie  Vie  of  Timl-er  importcri,  Caplnins  of  Ships,  Shipl-Tokcrs, 
Builders,  aiiLi  all  Dealers  in  Wotid  whatsoever.  By  William 
Richardson,  Timber  Broker.     Cro«Ti  Svo,  61.  doth, 

fforion's  .Measurer. 

THE  COMrLETE  MEASURER;  selling  forth  the  Measure- 
mcnt  of  ll(>:irds,  Gloss,  &e.,  &c  ;  UnequaUsiiled,  Square-sided, 
Octagonal -n id ed.  Round  Timber  and  Stone,  and  Standing  Timber. 
^Yith  just  allow.Tnees  for  the  t>atk  in  the  ies|)ective  species  ol 
trees,  and  proiicr  deductioi.s  for  the  nastr  in  hewing  the  trees, 
&C.;  also  a  laLle  showing  Ihe  soliility  of  hewn  or  eight-sided 
timber,  or  of  any  oclagonaj -sided  column.  By  RtcilAF.D  IIoRTOH. 
Third  edition,  irilh  considerable  and  valuable  additions,  l2mo, 
strongly  bound  in  leather,  $!. 

dcjlers  In  l^llytl^"  .^-t"?"."^".  Thcii-ork  muil'u'co.'isidtrtd  lo  1«  a  valval.!.:  aJdi- 

Sttperjicial  JMcasuremmt. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  ME.\- 
SUREMl^NT.  Tables  c.ilctthtcd  from  i  to  soo  inches  in  length, 
by  I  lo  lo3  ineliosin  breadth.  For  the  useof  Architects,  Sr.nejors, 
Engineers,  Timber  Mcrch-inls,  Builders,  lic  By  James  Haw- 
kings.     Fcp.  3J.  6./.  cloth. 

Practical  Timba-  lilcrcliant. 

THE  I'KACTICAL  TlMlitli  MERCHANT,  bemg  a  Guide 
for  the  u.L>  ..f  lUiildin^  Contratlois  Surveyors,  Builders,  &c., 
com]lIi^ill^  iisiful  Tables  for  all  purposes  counecled  with  Ihe 
Timber  Ti^.le.  .Mark:^  of  Wood,  i:s.-.iy  on  the  Strergth  of  Timber, 
Remarks  on  llic  Growth  of  Timber,  &c.  By  W.  Kicieardsos*. 
Fcap.  Svo,  3;.  (1,1.  cloth. 
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The  Mechanics  Workshop  Companion, 

THE  OPERATIVE  MECHANICS  WORKSHOP  COM- 
PANION,  and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL  ASSISTANT.  By  V/illiam  Templeton.  Twelfth 
Edition,  with  Mechanical  Tables  for  Operative  Smitlis,  Millwrights, 
Engineers,  &c. ;  and  an  Extensive  Table  of  Powers  and  Roots, 
&c.,  &c.     II  Plates.     i2mo,  51.  bound. 

"  As  a  text-book  in  which  mechanical  and  commercial  demands  are  judiciously  met, 
Templkto.v's  Companion  stands  \xxit\yM&6.."—M€cfuinic5  Magazine. 

"  Admirably  adapted  to  the  wants  of  a  very  lar^e  class.  It  has  met  with  great 
success  im  the  engineering  workshop,  as  we  can  testify  ;  and  there  are  a  great  many 
men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  Little  work." — Building  Nrwt, 

Engineers  Assistant. 

THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTANT  ;  comprising  a  Collection  of  Useftd 
Tables,  Rules,  and  Data.  Compiled  and  Arranged,  with  Original 
Matter,  by  William  Templeton.  6th  Edition.  i8mo,  2J.  (id, 
cloth. 

"  So  much  varied  information  compressed  into  so  small  a  space,  and  published  at  a 
price  which  places  it  within  the  reach  of  the  humblest  mechanic,  cannot  fail  to  com- 
mand the  sale  which  it  deserves.  With  the  utmost  confidence  \vc  commend  this  book 
to  the  attention  of  our  readers." — Mechanics*  Magazine. 

"A  more  suitable  present  to  an  apprentice  to  any  of  the  mechanical  trades  could  not 
possibly  be  vaaL^c."~-Building  Uews. 

Designings  Measuriftg^  and  Valuing 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEA- 
SURING and  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  of  Bricklayer  and  Slaler,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c.  W^ith  43  Plates  and  Wood- 
cuts. Originally  edited  by  Edward  Dobson,  Architect.  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  useful  Tables  for  facilitating  Calculations  and  Measure- 
ments.   By  E.  Wyndham  Tarn,  M.A.,  8vo,  \os,  Gd,  cloth. 

"  We  have  failed  to  discover  anything  connected  with  the  building  trade,  from  ex- 
cavating foundations  to  bcU-hangmg,  that  is  not  fully  treated  upon.  — TJu  Artisan. 

**  Altogether  the  book  is  one  which  well  fulfils  the  promise  of  its  title-page,  and  we 
can  thoroughly  recommend  it  to  the  class  for  whose  use  it  has  been  compiled.  Mr. 
Tarn's  additions  and  revisions  have  much  increased  the  usefulness  of  the  work,  and 
have  especially  augmented  its  value  to  students." — Engineering. 

Plumbing, 

PLUMBING  ;  a  text-book  to  the  practice  of  the  art  or  craft  of  the 
plumber.  With  supplementary  chapters  upon  house- drainage,  em- 
bodying the  latest  improvements.  By  William  Paton  Buchan, 
Sanitary  Engineer.     i2mo,  with  300  illustrations.     3i.  6d,  cloth. 

"Will  be  welcomed  as  the  work  of  a  practical  master  uf  his  trade." — Public  Health. 

*'  The  chapters  on  house-drainage  may  be  usefully  consulted,  not  only  by  plumbecs, 
but  also  by  engineers  and  all  engaged  or  interested  in  housebuilding.  ' — Iron. 

"  A  book  containing  a  large  amount  of  practical  information,  put  together  in  a  very 
intelljgeiit  manner,  by  one  who  is  well  qualified  for  the  task." — Ci/jf  /'ress. 


Gregory's  Praclical  MathemaUcs. 

MATHEMATICS  for  PRACTICAL  MEN;  being » Conunoa- 
placc  Book  or  Piire  and  Mixed  Mathematics.  Designed  chiefly 
lor  ihc  Use  of  Civil  EnginTcn,  ArehileOs,  nnd  Surveyors.  Part  I. 
PuitB  Mathbmatics— eomprisii^  Arithmelic,  Algebra,  Geometry, 
Mensuration,  Trigrmometry,  Cnnic  Sections,  Praperlic!  of  Curves. 
Fart  IL  Mixed  Matubmatics — conipii^ngMechanicsiD genera], 
Statics,  Dynamics,  Hydroslaliix,  Hydrodynamics,  Pneumatics, 
Uechanical  Agents,  Sticn^^tb  of  Malenala.  With  an  Appendix  cf 
copious  Lwaritlimic  and  oilier  Tables.  By  Ounthus  Grbgorv, 
lX.D.,  F.K.A,S.  EiUarged  by  Hrnry  Law,  C.E.  4ih  Edition, 
carefully  revised  and  corrected  by  J.  R,  VotJKO,  formerly  Frofcs- 
Mt  of  Hathonitia;,  Belfast  CoU^ej  Author  of  "A  Course  of  | 
Mathematics^"  ft&    WiUi  13  Piates.    Medium  8va,  i/.  i/.  cloth.     . 

XU  Eufld^TulH  lor  BolviBC  neari]^  ,1 
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way  RuxhcmBIicjJ  dif^ulLy  [hat  may  aei* 

to  the  practical  mechanics  of  Ibe 


lOD  just  btoumt  ou(»  the  work  has  as 


book  for  him  who  having  uncc  mnjEtered  ihe  sikbjcLui  w  Iteolfi  of,  needs  occaHoHAlly  to 
Tcfmh  hia  memory  ui»^n  (hem,* — Building  i^'ra'i. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British 
Standard  Measures  and  Weights  are  compared  nith  those  of  the 
Metric  System  at  present  in  use  on  the  Continent.  By  C.  H. 
DOWLlNO,  C.  E.  Second  Edition,  revised  and  enlarged.  Svo, 
lo/.  f>J.  strongly  bound. 
"Mr.  Dowling-n  TiblB,  wbirh  Hre  well  put  tngciher,  come  iustln  lime  as  i  ready 

"Their  accuracy  haV'toen  cmi^ed™  Pillf.  Ai"y,  Astr«n.ida^^al.'-flj,i7Yo-. 

"Res^uiionS.— Tliai  aJvaniage  will  be  derived  from  the  recenl  publicaiion  ol 

Metdc  Tables,  by  C  H.  D:^t^<ns,C.^"—Rff,'<-l«r.Stcli^iF,Bril.Ai,K.,  Baik. 

Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR;  bein.;  a  Series  of  T:ibles 
upon  a  New  ami  Comprehensivf  Plan,  exhibiting  at  one  Reference 
the  exact  Value  of  any  Weight  from  ill),  to  15  tons,  a'  300  Pro- 
gressive Rales,  from  1  Fenny  to  16S  Shillings  per  cwt.,  and  con- 
taining lS6,ooo  Direct  Answers,  u-hich,  with  their  Combinntions, 
consisting  of  a  single  addition  (mostly  to  be  pctfoimed  at  sights, 
will  afTord  an  a^regale  of  10,166.000  AnsweiS  ;  the  whole  being 
calculated  and  designed  to  ensure  Correctness  and  promote 
Despatch.  liy  Henrv  IIarpkn,  Accountant,  Sheffield,  Author 
of  "The  niscotmt  Guide."  An  entirely  New  Edition,  carefully 
revised.     Royal  Svo,  strongly  half-bound,  I/,  ^s.     \yusi  publishtd. 
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Comprehensive  Discount  Guide, 

THE  DISCOUNT  GUIDE  :  comprising  several  Series  of  Tables 
for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
by  which  may  be  ascertained  the  exact  profit  arising  from  any  mode 
of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a 
Price,  so  as  to  produce,  by  one  operation,  a  sum  that  will  realise 
any  required  profit  after  allowing  one  or  more  Discounts :  to  which 
are  added  Tables  of  Profit  or  Advance  from  i  J  to  90  per  cent., 
Tables  of  Discount  from  i^  to  98I  per  cent.,  and  Tables  of  Commis- 
sion, &c.,  from  \  to  10  per  cent.  By  Henry  Harben,  Accountant, 
Author  of  "The  Weight  Calculator."  New  Edition,  carefully  Re- 
vised and  Corrected.     Demy  8vo  (544  pp.),  half-bound, ;^i  5^. 

InwoocTs  Tables,  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold;  Annuities,  Advovrsons,  &c,  and  for  the 
Renewing  of  Leases  held  under  Cathedral  Churches,  Colleges,  or 
other  conporate  bodies ;  for  Terms  of  Years  certain,  and  for  Lives  ; 
also  for  Valuing  Reversionary  Estates,  Deferred  Annuities,  Next 
Presentations,  &c.,  together  with  Smart's  Five  Tables  of  Compound 
Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate 
Rates.  By  William  Inwood,  Architect  The  20th  edition,  with 
considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difncult  Computations  of  the  Interest  of  Money,  Dis- 
count, Annuities,  &c.,  by  M.  F6dor  Thoman^  of  the  Sod^t^ 
Credit  Mobilier  of  Paris.     i2mo,  %s,  cloth. 

"  Those  interested  In  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of 
compensation  cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will 
find  the  present  edition  of  eminent  iier^Qt,**— Engineering. 

**  *  Inwood's  Tables'  still  maintain  a  most  enviable  reputation.  The  new  issue  has  been 
enriched  by  large  additional  contributions  by  M.  F^fdor  Thoman.  whose  carefully 
arranged  Tables  cannot  fail  to  be  of  the  utmost  utility."— iSf/Wn^  JoumaL 

Geometry  for  the  Architect^  Engineer^  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 

Mechanic ;  giving  Rules  for  the  Delineation  and  Application  of 

various  Geometrical  Lines,  Figures  and  Curves.    By  E.  W.  Tarn, 

M.A.,   Architect,   Author  of   **  The  Science  of  Building,"  &c. 

With  164  Illustrations.     Demy  8vo.     I2j.  td.  cloth. 

*'  No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the 
clearness  of  the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satis- 
factory."— Scotsman, 

Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and 
Uses  for  Mercantile  and  State  Purposes.  With  an  elaborate  Intro- 
duction. By  FfcDOR  Thoman,  of  the  Soci^t^  Cr^t  Mobilier, 
Paris.  3rd  Edition,  carefully  revised  and  corrected.  i2mo,4J.  dd.  d. 

A  very  powerful  work,  and  the  Author  has  a  very  remarkable  command  of  his 
tuUcct." — Professor  A.  de  Morpin, 
"We  recommend  it  to  the  notice  of  actuaries  and  accountamts."— ^  tkonenan. 


WORKS  IN  SCIENCE  AND  ART,  ETC., 

SCIENCE  AND  ART. 


Dentistry. 


MECHANICAL  DENTISTRY.  A  Praclit.il  TteitiMi  on  the 
Conslnicliun  of  the  vaiioiis  kiods  of  Aiiclicial  Ucnlutes.  Cam- 
pruing  also  Useful  Funnula^  Tablo,  and  KeccipU  for  Gold 
I'lnte,  CluM,  Soldcri,  etc,  etc.  By  Chaklss  IU'nter.  With 
Kumeroui  Wood  Engravings.  Crown  Svo,  7t.  (td.  Cloth. 
"  Ills  work  ii  tert  )inclaL"~jrMM^  Rnim  »/  Dtnlat  Sn-vrrj. 

"Ab  lailioriuiivE  uoiik Muy  lutful  anil  imctical  hiau  «c  : 

ibrMghcnil  Ih*  work,  oliHc  (U  wIik  m  ■  leal  book  ii  eiihuu;iil  by  buhiei 
trmriaiuu  We  on  umiil}'  vccommcHd  Ur.  Hunrer'i  ircailwe  lo  jtlt  ctnd 
Hriac  for  iha  pfofo^cin  of  deuutry,  -a  wdl  m  ta  Bfuy  faechaniciJ  di 
JhAlitynr^tf  MiticalSeliaa, 

Breaiing. 

A  HANDBOOK  FOR  YOUNG  BREWERS.     Bf  ^eRbsxt' 

ErwAiJjs  Vr'RiOHT,  B.A,     Crown  Svo.  jj.  60'.  eloth. 

"A  ihorouehly  Kicnlific  tlialiie  in  popular  language  ll  is  evLdml  Ihat  Ih* 
auLhor  ha&  m.-k»lered  hJH  Bubjcci  in  iu  3ci?nlific  aspcci*." — il^miHg  AdveHiarr. 

"  Wc  would  panjcularly  tecDmrneiid  Ecacheca  af  (he  an  14  pL:k<:e  it  in  every  pupil's 
haods,  iiid  uc  iLcl  sure  i»  pcni^  wJl  be  alltoJcd  u-iih  ndvariu£c.-'-if»-wr: 

7/tff  RliUtary  Sciences. 

AIDE-MEMOIRE  to  llie  MILITARY  SCIENCES.  Framed 
from  Colli ribul ions  of  Dfiicers  and  otheis  connected  with  the  dif- 
ferent Stnicfs.  Orijjiiially  edited  by  a  Commiiiee  of  the  Corps  of 
Royal  Eiiginuers.  Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions  ;  conlaining  nearly  350 
Engravings  and  majiy  hundred  Woodcuts.  3  vols,  royal  Svo,  extra 
cloth  boards,  and  lettered,  4/.  loi. 

"A  compendious  encycl^l^s^iij  of  tnilitlty  knowledge." — EdxuJ-Hrgk  Rn'ievj. 


Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  KORTkESSES,  MILITARY  MINING,  and  RECON. 
NOITRING.  By  Colonel  I.  S.  Macaulay,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolnicli.  Sixth  Eiiition,  crown 
Svo,  eluth,  with  separate  Atlas  of  iz  I'iates,  I2j.  complete. 

Dye-  Wares  and  Colours. 

THE  MANUAL  ol  COLOURS  and  DYE-WARES:  their 
Properties,  A])plications,  Valuation,  Iin]mrities,  and  Sophistications, 
For  the  Use  of  Dyers,  Trinlcrs,  Drjsalteis,  Ijtokers,  &c.  By  J. 
\V,  Slater.  Post  Svo,  ^s.  bd.  cloth. 
"A  complew  ei.givlapidii  of  Ihe  maliHa  titu-latlit.  Tt.e  infomulion  ii  full 
and  precipe,  and  Ihe  uielhuds  of  dcleriaiiiing  the  value  Pallida  liable  lo  »phisUca- 
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Text-Book  of  Electricity. 

THE  STUDENTS  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D.,  F.R.S.,  F.C.S.  New  Edition,  care- 
fully Revised.  With  an  Introduction  and  Additional  Chapters 
by  W.  H.  Preece,  Vice-President  of  the  Society  of  Telegraph 
Engineers,  &c.  Illustrated  with  470  Illustrations.  Crown  8vo, 
\2s.  td,  cloth.  \Ju5t published, 

*'A  reflex  of  the  existing  state  of  Electrical  Science  adapted  for  students."— 
W.  H.  Preece,  Esq.,  vide  **  Introduction." 

"  We  can  recommend  Dr.  Noad's  bock  for  clear  style,  great  range  of  subject,  a 
good  index,  and  a  plethora  of  woodcuts.  Such  collections  as  the  present  are  indis- 
pensable."— Atftenu  utrt. 

**  An  admirable  text-book  for  every  student— beginner  or  advanced — of  electricity.'* 
'-'Engineerifg. 

**  A  most  elaborate  compilation  of  the  facts  of  electricity  and  magnetism." — Po/uiar 
Science  Review. 

Electnctty, 

A  MANUAL  of  ELECTRICITY ;  including  Galvanism,  Mag- 
netism,  Diamagnetism,  Electro-Dynamics,  Magno- Electricity,  and 
the  Electric  Telegraph.  By  Henry  M.  Noad,  Ph.D.,  F.C.S., 
Fourth  Edition,  with  500  Woodcuts.  8vo,  i/.  \s.  cloth. 
"The  accoun  s  ^ivcn  of  electricity  and  galvanism  are  not  only  complete  in  a  scientific 
sense,  but,  which  is  a  rarer  thing,  are  popular  and  interesting. ' — Lancet, 

Rudimentary  Magnetism. 

RUDIMENTARY  MAGNETISM :  being  a  concise  exposition 
of  the  general  principles  of  Magnetical  Science,  and  the  purposes 
to  which  it  has  been  applied.  By  Sir  W.  Snow  Harris,  F.R.S. 
New  and  enlarged  Edition,  witn  considerable  additions  by  Dr. 
Noad,  Ph.D.     With  165  Woodcuts.     i2mo,  cloth,  4J. 

"As  concise  and  lucid  an  exposition  of  the  phenomena  of  magnetism  as  we  believe 
it  is  possible  to  write." — English  Mechanic. 
**  The  best  possible  manual  on  the  subject  of  magnetism." — Mechanics*  Magasittt. 

CJiemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS  ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures, 
in  Trades,  and  in  the  Arts.  By  A.  Normandy,  Author  of  **  Prac- 
tical Introduction  to  Rose's  Chemistry,"  and  Editor  of  Rose's 
"  Treatise  on  Chemical  Analysis. "  New  Edition,  Enlarged,  and 
to  a  great  extent  re-written,  by  Henry  M.  Noad,  Ph.  D.,  F.R.S. 
With  numerous  Illustrations.  Cr.  8vo,  I2J.  dd.  cloth. 
"  We  recommend  this  book  to  the  careful  perusal  of  every  one ;  it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  strongly  recommend  it  to  our  readers  as  a 

Side,  alike  indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner."— 
edtcal  Times. 

"Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results 
are  given,  and  the  work  is  well  edited  and  carefully  written." — Nature. 

Mollusca. 

A  MANUAL  OF  THE  MOLLUSCA  ;  being  a  Treatise  on 
Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S. 
With  Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  numer- 
ous Plates  and  300  Woodcuts.     3rd  Edition.  Cr.  8vo,  7^.  6</.  cloth. 
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Gold  and  Gold-Working, 

THE   PRACTICAL   GOLD-WORKER ;   or.  The  Goldsmith^   ] 


MftnipulalioD,  Recovery  of  Waste,   Chemical  and  Phjriical  Pio-   i 

girtits  of  GoUl,  with  a  new  System  of  Mixing  iu  AIIote  ;  Solden,    1 
namels,  and  other  iueful  Rules  and  Recipes,  &c.    By  Gbqrbk    \ 
E.  GSK.     Crawn  8vo,  ^^.  hd.  doth. 
*'A  ffoad»  »udil,    luhialc^   etiucilOT,  ind  viU  be  tcneraOy  accepted  *i  aa 
jthiuiiy-  ]Ig;iY«ful1  pvticuUnforjnixlBgatloriBnd  «iwfaeli.  ii«initimLlyBbagfe    i 
it^Ihe  mrkshop.  and  euctly  (ullili  the  purpme  inicndn!."— //»>Avva/  JeHmuL 


Silver  and  Silver  Working. 

THE   SILVERSMITH'S   HANDBOOK,   contuniBg  fi 
■tnictiont  for  the  AUa^ag  and  Wockine  ckT  £ilTci,  inclndiiig  ite-^ 
differeal  modes  of  refiniiie  and  meliinc  mo  metsl,  iU  soldcn,  Iberfl 

preparation  of  imitation  alloys,  methods  of  mnnipulatioa,  preTCa- 

of  the  work,  togclher  witli  ollicrusefulinfonnalioiiand  memoranda. 
■■■    George  E.  Gee,  Jeweller,  &c     Crown  8vo,  with  ni     - 
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Clocks,  Watches,  and  Bells. 

RUDIMENTARY  TRE.^TISE  on  CLOCKS,  and  WATCHES, 
and  BELLS.  By  Sir  EnMUND  Beckett,  Part,  (late  E.  B. 
Denisoiil,  LL.D.,  Q.C.,  F.R.A.S.,  Author  of  "Astronomy  with- 
out  Mathematics,"  &C.  Sixth  edition,  thoroughly  revised  and 
enlarged,  with  numerous  11  lust  rat  ion?.  Limp  cloth  (No.  67, 
Wcale's  Scries),  41.  dJ. ;  doth  hoards.  51.  61/. 
"  As  a  papular  and  pcaclical  tt&ilis:  ii  '-a,  unappniachel."— £>f/iM  Mnha'i!.: 
'Tlie  bcsL  amrk  on  the  luLject  pnibahly  cxlaiit.    I'he  Irealiu  on  txlli  ii  nn- 

□loiiL  unpwtant  work  af  iu  kind  in 


oublcdly  ihe  bcht  in  llle  Lnn];uaiEC. 
■       Hciiks  and  iBlIfc 


•^Tie  only  modem  ireaiise  on  cinck-making --//-W.iirn/  younal. 
ii  completely  peifccl  of  ils  Y\ai."—SU\mli>Td. 

Science  and  Scriphire. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT  ;  being  a  Series  of  Essays  on— I. 
Alleged  Discrepancies ;  3.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth  ;  3.  The  Mosaic  Cosmogony ;  4.  Miracles  in 
general— Views  of  Hume  and  Powell  1  $.  The  Miracle  of  Joshua- 
Views  of  Dr.  Colenso :  The  Supenialurally  Impossible ;  6.  The 
Age  of  the  Fixed  Slars-thcir  Distances  and  Mosses.  By  Professor 
J.  R,  VouNa  Fcap.  8vo,  5/.  cloth. 
"THuLn^iflhod  by  tfie  true  spirit  of  sdencilic  inquiry,  b>' great  knowled^,  by  keen 
logical  abilily,  and  by  a  »iyle  pecuLiaHy  clear,  euy,  and  Si^£t^via''^NeiKeHfenKitt. 
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DR.  LARDNER'S  POPULAR  WORKS. 
Dr.  Lardncf^s  Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
DiONYSius  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Phi- 
losophy and  Astronomy  in  University  College,  London.  With  up- 
wards of  1 200  Engra^4ngs  on  Wood.  In  6  Double  Volumes. 
Price  £1  IS,,  in  a  new  and  elegant  cloth  bindyig,  or  handsomely 
bound  in  half  morocco,  31J.  6d. 

"The  'Museum  of  Science  and  Art*  u  the  most  valuable  contribution  that  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society." — Sir  David 
Bmoster  in  the  North  British  Rn>iew. 

'*  Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  by 
people  of  so  many  ages  and  classes  as  a  valuable  present." — Examintr. 

*^*   Separate  books  formed  from  the  above^  suitable  for  Workmen^ s 

Libraries^  Science  Classes,  ^c, 

COMMON  THINGS  EXPLAINED.  Containing  Air,  Earth,  Fire, 
Water,  Time,  Man,  the  Eye,  Locomotion,  Colour,  Clocks  and 
Watches,  &c     233  Illustrations,  cloth  gilt,  5^. 

THE  MICROSCOPE.  Containing  Optical  Images,  Magnifying 
Glasses,  Origin  and  Description  of  the  Microscope,  Microscopic 
Objects,  the  Solar  Microscope,  Microscopic  Drawing  and  Engrav- 
ing, &c.     147  Illustrations,  cloth  gilt,  2s. 

POPULAR  GEOLOGY.  Containing  Earthquakes  and  Volcanoes, 
the  Crust  of  the  Elarth,  etc.    201  Illustrations,  cloth  gilt,  2s.  6d. 

POPULAR  PHYSICS.  Contaming  Magnitude  and  Minuteness,  the 
Atmosphere,  Meteoric  Stones,  Popular  Fallacies,  Weather  Prog- 
nostics, the  Thermometer,  the  Barometer,  Sound,  &c.  85  Illus- 
trations, cloth  gilt,  2s.  (>d, 

STEAM  AND  ITS  USES.  IncludiMr  the  Steam  Engine,  the  Lo- 
comotive,  and  Steam  Navigation.     89  Illustrations,  cloth  gilt,  2s, 

POPULAR  ASTRONOMY.  Containing  How  to  Observe  the 
Heavens.  The  Earth,  Sun,  Moon,  Planets.  Light,  Comets, 
Eclipses,  Astronomical  Influences,  &c     182  Illustrations,  4J.  td, 

THE  BEE  AND  WHITE  ANTS :  Their  Manners  and  Habits. 
With  Illustrations  of  Animal  Instinct  and  Intelligence.  135  Illus- 
trations, cloth  gilt,  2s. 

THE  ELECTRIC  TELEGRAPH  POPULARISED.  To  render 
intelligible  to  all  who  can  Read,  irrespective  of  any  previous  Scien- 
tific Acquirements,  the  various  forms  of  Telegraphy  in  Actual 
Operation.     100  Illustrations,  cloth  gilt,  is,  6d. 

Scientific  Class-Books^  by  Dr.  Lardner. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.    By  Dr.  Lardner. 

328  Illustrations.     Sixth  Edition.     I  voL  y.  6d.  cloth. 
"  Conveys,  in  clear  and  precise  terms,  general  notions  of  all  the  prindpal  divisions 
of  Physical  Science." — Brttisk  Quarterly  Revitw, 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.     By  Dr.  Lardnkr. 
With  i^  Illustrations.     Second  Edition,     i  voL  31.  dd,  doth. 
"dMorly  wntteii,well  arranged,  and  ezeellently  illustrated.**— Gorufirwrr'CAfWMSriSr. 


I 


■6  WORKS  IM  SCIENCE  AND  ART,  ETC., 

DR.   URDNER'S    SCIENTIFIC   WORKS. 
Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.    4th  Edllion,    Ed 

by  Edwik  DuNKin,  F.R.S.,  RI.  Obseivatory,  Greenwich.     Widll 

38  plates  ind  upwards  oC  100  Woodculs,     Cr.  8vo,  ^r.  (tJ.  clotll.  ^ 
"  PioUbly  no  other  book  tootaint  I)ic  mme  imDuol  of  inlbrBBlioi)  i 

Animal  Physics. 

THE    HANDBOOK    OF    ANIMAL    PHYSICS.     Witli   5* 
New  edition,  small  Svo.  clolh,  li.  (uL  731  pages. 


•■  Wc  bavt  no  he^uuDn  in  cordially  k 

Electric  Telegraph. 

THE   ELECTRIC  TELEGRAPH.      New  Edition.     HyE.  B, 

Bright.  K.R.A.S,     140  Illustrations.  Small  Svo,  at.  W.  doth. 

"OncotllninonmilatilgboQkmuiiloiilhtKlKliicTdcgnpli."— gij|-.i/«BUi»fti  J 

LARDNER'S   COURSE  OF  HATURAL  PHILOSOPHY. 

Mechanics. 

THE  IIANDTJOOK  OF  MECHANICS.     Enlarged  and  almost  "■ 
.ten  by  lisujAMiN  LoEwy,   F.K.A.S.     Wiih  378  Illuslia- 
Tost  St-o,  ds.  clotli. 


HeaL 

THE  HANDROOK  OF  HEAT.      EdUed  aiid  almost  fnlirely 
Bewritlen  by  liENjAMls  LoEWY,  F.K.A.S.  etc.      117  llliislra- 
tions.     Post  Svo.  6j.  cloth. 
"TlieMyleL<al»a>;«  dear  Mil  precise,  and  con.tys  InstruclloQ  \.\-At>al  Itjvlng 

Hydrostatics  and  Pnmmatics. 

TIIEHANDBOOK  of  HYDROSTATICS  and  PKEUMATICS. 
New  Kililion,  Revised  and  Enla^d  by  Bunjamim  Loewy, 
F.R.A.S.  With  33G  Illustrations.  Post  Sto,  Jr.  clolh. 


Electricity,  Mas^nctism,  and  Acoustics. 

THE  HANDBOOK  of  ELECTRICITY,  MAGNETISM,  and 
ACOUSTICS.  New  Edition.  Edited  by  Gko.  Cakkv  Fosj  tR, 
B.A.,  F.CS.     With  400  niuslrations.     Post  Svo.  51,  doth. 

^ptics!'^''' 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  Olver  Harding,  B.A.  298  Illiistrationt.   Post  Svo,  51.  eloih. 
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Woods  and  Marbles  {I?nitation  of). 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF 
WOODS  AND  MARBLES,  as  Taught  and  Practised  by  A.  R. 
and  P.  Van  der  Burg,  Directors  of  the  Rotterdam  Painting 
Institution.  Illustrated  with  24  full-size  Coloured  Plates ;  also 
12  Plain  Plates,  comprising  154  Figures.  Royal  folio,  bound, 
2/.  I2J.  6d,  [Just  published. 

Pictures  and  Painters. 

THE  PICTURE  AMATEUR»S  HANDBOOK  AND.  DIC- 
TIONARY  OF  PAINTERS  :  being  a  Guide  for  Visitors  to 
Public  and  Private  Picture  Galleries,  and  for  Art-Students,  in- 
cluding an  explanation  of  the  various  methods  of  Painting ;  In- 
structions for  Cleaning,  Re- Lining,  and  Restoring  Oil  Paintings  ; 
A  Glossary  of  Terms;  an  Historical  Sketch  of  the  Principal  Schools 
of  Painting ;  and  a  Dictionary  of  Painters,  giving  the  Copyists 
and  Imitators  of  each  Master.  By  Philippe  Daryl,  B.  A.  Crown 
8vo,  3J.  6d.  cloth. 

"  The  buUc  of  the  book  is  occumecl  by  a  dictionary  of  painters  which,  considering 
its  small  compass,  b  really  admirable  :  the  utility  of  a  table  of  dates  of  painters  in  so 
portable  a  form  is  uncjuestionable.  ^  We  cordially  recommend  the  hook.  ^ Builder. 

"  Useful  as  bringijig  together  in  a  compendious  form  an  almost  complete  bio- 
graphical stock  of  information  respecting  the  painters  of  the  world." — May/air. 

Popular  Work  on  Painting. 

PAINTING    POPULARLY    EXPLAINED;    with    Historical 
Sketches  of  the  Progress  of  the  Art.    By  Thomas  John  Gullick, 
Painter,  and  John  Timbs,  F.S.A.     Fourth  Edition,  revised  and 
enlarged.    With  Frontispiece  and  Vignette.    In  small  8vo,  dr.  cloth, 
%*  This  Work  has  been  adopted  as  a  Prtze-book  in  the  Schools  of 
Art  at  South  Kensington. 
'*  Contains  a  large  amount  of  original  matter,  agreeably  conveyt^^'-^Builder, 
**  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught, 
from  the  careful  perusal  of  this  unpretendmg  but  comprehensive  treatise. " — A  rt  Journal, 

Grammar  of  Colouring. 

A    GRAMMAR    OF    COLOURING,    applied    to    Decorative 
Painting  and  the  Arts.     By  George  Field.     New  edition,  en- 
larged and  adapted  to  the  use  of  the  Ornamental  Painter  and 
Designer,  by  Ellis  A.  Davidson.     With  new  Coloured  Diagrams 
and  numerous  Engravings  on  Wood.     i2mo,  3^.  6</.  cloth  boards. 
*•  The  book  is  a  most  useful  risutni  of  the  properties  of  pigments." — BuiUtr. 
*'One  of  the  most  useful  of  students'  books,  and  probably  the  best  known  of  the 
few  we  have  on  the  subject."— y^nrAiV*c/. 

Wood'  Carving. 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs ;  with 
Hints  on  Design.     By  A  Lady.     In  emblematic  wrapper,  hand- 
somely  printed,  with  Ten  large  Plates,  2j.  6</. 
"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learr.t 
rom  *  A  Lady's '  publication." — Athenaunu 

Letter  Painting. 

THE  ART  OF  LETTER  PAINTING  MADE  EASY.  By 
James  Greig  Badenoch.  Illustrated  with  Twelve  full  page 
Engravings  of  Examples,  &c.     i2mo.     u.  cloth,    \jfust  published. 


WORKS  IN  SCIENCE   AND   ART,  ETC.. 


I 

■  Delamoite's  Works  on  Illumination  &  Alphabets. 

L  A  PRIMER  OF   THE  ART  OF   ILLUMINATION;  for  Ihe 

^L  me  of  Beginnen  i  iriEli  a  Rudimentary  TienIiK  On  tlie  Art,  Prac- 

^H  tical    DireciioiiB  for  its  Exatcise,  sod  Dumcroos  Examples   taken 

^H  from  lUumiDated  MSS.,  printed  in  Gold  and  Colouis.  By  F.  Dela- 

^P  UOTTB.     Sm&ll  4to,  9/.    Elegantly  bound,  clotli  antique 

^1  "  A  handT  book.  bouliAilIv  iUiuEnUd  ;  the  lul  af  whuJi  ]i  veil  wntun.  uut  cal- 

■  eulai ■ -"         - 

I  1^ 

■  or: 


Bible  to  ill,  ue 


ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIEVAL; 
from  the  Eighth  Ccntuiy,  with  Numerals  ;  including  Gothic, 
Chuich-Text,  lai^e  and  small,  German,  Italian,  Aia.besquc,  Initials 
for  lUuminatioD,  Monograms,  Crosses,  &c.  fitc,  for  the  use  oE 
Architectural  and  EnpneeriiM  Draughtsmen,  Missal  Painters, 
MoEoas,  Decorstive  Painters,  Lithographoi,  Engiateis,  Carvers, 
&C.  &c.  Ac.  Collected  and  eogrsved  by  F.  Delamottr,  and 
jiiintcd  in  Culoois,  Neir  and  Clieaper  EditioD.  Royal  8vo. 
oblong,  at.  W.  ornamental  boards.  \yast  f-iihlishtd. 


r  shcrcKloort,  who  lei 
ok  will  be  uKfuL'*— y 


walls  with  pilhy  senlencel  fiopi  the  Deul 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL; including  German,  Old  English,  Saxon.  Italic,  Per- 
spective,  Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Kiband,  Gothic,  Rustic,  and  Arabesque ;  with  sever^  Original 
Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alpha- 
l>ets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographeis,  Engravers, 
Ciirvers,  &c  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.  New  and  Cheaper  Edition,  Royal  Svo, 
oblong,  is.  6./.  ornamental  boards.  \J-ust  pnbliihcJ. 

wbich  the  letters  nf  tlic  alphabet  nnd  niimfials  on  lie  formed,  and  the  lalent  whic 

MEDIEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  F.  Delamotte,  Illuminator,  Designer,  and 
Engraver  on  Wood,     Containing  1 1  I'lates,  and  Illuminated  Title, 

Erintcd  in  Gold  and  Colours.     Willi  an  Introduction  by  J.  Willis 
ROOKS.     Small  410,  f>s.  cloth  gilt. 

"  A  vohime  in  urbich  Ihc  leilen  of  (he  alphabet  c^mf  forth  glorilied  io  giMing  and 
with  9  sort  of  Tninbow  oraW^ue.  A  poem  cmblnEnited  tn  these  characters  would  be 
n^ielect^aod  cleverly  arTapged.''—>5'0«. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN  ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  DeLaMOTTE,  and 
printed  in  Colours.    Oblong  royal  Svo,  I/,  (td.  in  oniamentAl  boards. 
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AGRICULTURE,  GARDENING,   &c. 

t 

Potato  Culture. 

POTATOES,  HOW  TO  GROW  AND  SHOW  THEM.  A 
Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the 
Potato.  By  James  Pink,  Author  of  **  How  to  Grow  One  Thou- 
sand Pounds  of  Potatoes  from  i  lb.  of  Seed. "  With  Illustrations. 
Second  Edition.     Cr.  8vo,  2j.  cloth.  \yu5tfubli5hed, 

"  A  well  written  little  volume.  The  author  gives  good  practical  mstructions 
nnder  both  divi&ions  of  his  subject." — Agricultural  Gazette. 

"Cordial  praise  must  be  given  to  Mr.  Pink  for  his  thoroughly  practical  and  useful 
work." — Daily  Chronicle. 

Kitchen  Gardening. 

KITCHEN  GARDENING  MADE  EASY.     Showing  how  to 

prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every 

known  Vegetable    and   Herb,  with    cultural  directions  for   the 

management  of  them  all  the   year  round.     By  George  M.  F. 

Glenny,  Editor  of  **Glenny's  Illustrated  Garden  Almanack,"  &c. 

With  Illustrations,  i2mo,  2j.  cloth  boards.  \jfust  Ptiblished. 

"  As  a  guide  to  hardy  kitchen  gardening,  this  book  will  be  found  trustworthy  and 
useful  to  the  many  who  cannot  spare  the  time  to  consult  more  comprehensive  and 
detailed  works."— iVi^r/A  British,  Agriculturist, 

Bulb  Culture. 

THE  BULB   GARDEN,  or,    How  to  Cultivate   Bulbous   and 

Tuberous-rooted    Flowering   Plants    to   Perfection.     A    Manual 

adapted  for  both  the  Professional  and  Amateur  Gardener.     Bv 

Samuel   Wood,    Author  of  "Good    Gardening,"   etc.      With 

Coloured  Illustrations,  Plans,  and   numerous  Wood  Engravings. 

Crown  8vo,  3J.  td,  cloth. 

"  Supplies  the  want  which  has  hitherto  existed  of  any  sufficiently  modem  work  of 
the  kind.  The  book  contains  practical  sug8:estions  as  to  the  arrangement  of 
the  flowers,  and  the  growth  of  flower-roots  for  the  trade,  as  well  as  for  amusement." 
—Saturday  Review. 

Production  of  Meat. 

MEAT  PRODUCTION.     A  Manual  for  Producers,  Distributors, 
and  Consumers  of  Butchers'  Meat.     Being  a  treatise  on  means  of 
increasing  its  Home  Production.     Also  comprehensively  treating 
of  the  Breeding,   Rearing,  Fattening,  and  Slaughtering  of  Meat- 
yielding  Live  Stock  ;  Indications  of  the  Quality  ;  Means  for  Pre- 
serving, Curing,  and  Cooking  of  the  Meat,  etc.,  etc.     By  John 
EwART,  author    of  "The  Land  Improvers  Pocket  Book,"  etc. 
With  numerous  Illustrations.  Cr.  8vo,  5^.  cloth. 
"  A  compact  and  handy  volume  on  the  meat  question,  which  deserves  serious  and 
thoughtful  ttonsideration  at  the  present  time,  when  the  question  of  the  food  supply  of 
the  country  has  become  one  of  the  leading  topics  of  the  day." — Meat  and  Provision 
Traded  Review. 

History y  Structure,  and  Diseases  of  Sheep. 

SHEEP  ;  THE  HISTORY,  STRUCTURE,  ECONOMY, 
AND  DISEASES  OF.  By  W.  C.  Spooner,  M.R.V.C,  &c. 
Fourth  Edition,  with  fine  engravings,  including  specimens  of  New 
and  Improved  Breeds.     366  pp.,  4J.  cloth.  \Just publUhtd. 
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Good  Garden ins^. 

A  Pi.AIX  Ul'lijE  TO  GOOD  GARDENING;    or,    How  lo 

(iruM-  Wl'ij'  lilies,  I'ruits,  antl  Flowers.     Wilh  Practical  Notes  on 
.'^uils    Mrniiic5,    Peeds,    Planting,   Laying-out   of   Gardens   and 
(;roiiiirl-,  ,\c.      By  S.  WoOD.     Third  Edition,  with  considerable 
A.lJiiii.i  -,  ,v<-.,  nnd  numerous  lUustrallons.     Cr.  8vo,  51.  cloth. 
"  ^  :'.  :    ■  '  ■    I  .■•ilJcliook  for  Iheamalmf  E»rdener.'— AiiV^  TVirm^ 

'^11  'ii'l  one  10  be  highly  recorruneDdcd  Bt  11  piactioJ  ^idc^ 

(:  :•■.:..   '    '      ■■  .idling. 

--V.      ■  --  lARVO  GARDENING;  or.  How  to  make  One 

v\ii.   'I  ■■  '  '■.-■  /"i"i20  a  year,  by  the  CuUivation  of  Fruits 

und   \  .  .:■..!  I.-.w  to  Crow  Flowers  in  Three   Glass 

Ilfiii-.  ;i  .  /"ijtiperannumclear  ProSt.     By  Samiixl 

\V("  1  ■.  . .      .  ■,  .1  ■■  I ,.,. h1  Gardening,"  &c.     3rd  Edition,  revised. 
WiLh  Vv^,,  ;  ;,;i,.|-.u .iiya.      Cr.  8vo,  21.  cloth. 
"  Wr:  uTt  hniiiiil  1,1  i.rnniiiLend  jt  us  not  only  Huilnj  to  ihecaKaT  thf  ptoateilT  and 

^^enrlcmrin'i  EardLncr,  bill  lo  Ihe  market  grower."— tnT"fcw*Vr  Mflgasive. 

Culhirc  of  Frtiit  Trees. 

FRUIT  TREES,  the  Scientific  and  Profitable  Cullure  of.  From 
ilie  Fu-ik1\  'if  Du  Breuil,  revised  hy  Ceo.  Glenny.  187 
■\Vou.k-.i'.i.     i-nio,  4J.  doth, 

Scalt  Burn's  System  of  Modem  Farming. 
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Youatt  and  Burn^s  Complete  Grazier, 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry. 
By  William  Youatt,  Esq.,  V.S.  12th  Edition,  very  con- 
siderably enlarged,  and  brought  up  to  the  present  requirements  of 
agricultural  practice.  By  Robert  Scott  Burn,  Author  of  "The 
lessons  of  My  Farm,"  &c.    One  large  8vo  volume,  860  pp.  with  244 

Illustrations,   i/.  \s.  half-bound. 
'*  The  standard  and  text-book,  with  the  fanner  and  grazier.** — Farmet's  MaffOMtnt. 
"A  treatise  which  wUl  remain  a  standard  work  on  the  subject  as  long  as  British 
agriculture  endures." — Mark  Lant  Express. 

Donaldson  and  Burns  Suburban  Farming. 

SUBURBAN  FARMING.  A  Treatise  on  the  Laymg  Out  and 
Cultivation  of  Farms  adapted  to  the  produce  of  Milk,  Butter  and 
Cheese,  Eggs,  Poultry,  and  Pigs.  By  the  late  Professor  John 
Donaldson.  With  considerable  Additions,  Illustrating  the  more 
Modem  Practice  by  Robert  Scott  Burn.  With  numerous 
Illustrations.  Crown  8vo,  6j.  cloth. 
"  An  admirable  treatise  on  all  matters  connected  with  the  laying-out  and  cultivation 
of  dairy  farms." — Live  Stock  Journal, 

Scott  Bum's  Introduction  to  Farming. 

THE  LESSONS  of  MY  FARM  :  a  Book  for  Amateur  Agricul. 
turists,  being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  the  Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry, 
Pigs,  &C.  By  R.  Scott  Burn.  With  numerous  lUus.  Fcp.  6j.  d. 
"A complete  introduction  to  the  whole  roiund of  fanning  practice."— TdAn  BuU* 

Auctioneer's  Assistant. 

THE    APPRAISER,   AUCTIONEER,   BROKER,   HOUSE 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,  Annuities,  and  Reversions,  and  of  property  generally; 
with  Prices  for  Inventories,  &c  By  John  Wheeler,  "N^uer,  &c 
Fourth  Edition,  enlarged,  by  C  NoRRis.     Royal  32mo,  doth,  5^. 
"  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  dearly- 
arranged  list  of  prices  for  inventories,  and  a  very  practical  guide  to  determine  the 
value  of  furniture,  Slc**— Standard. 

The  Management  of  Estates, 

LANDED  ESTATES  MANAGEMENT:  Treating  of  the 
Varieties  of  Lands,  Peculiarities  of  its  Farms,  Methods  of  Farming, 
the  Setting-out  of  Farms  and  their  Fields,  Construction  of  Roads, 
Fences,  Gates,  and  Farm  Buildings,  of  Waste  or  Unproductive 
Lands,  Irrigation,  Drainage,  Plantation,  &c.  By  R.  Scott  Burn, 
Fcp.  8vo.  numerous  Illustrations,  31.  (id, 

"  A  complete  and  comprehensive  outline  of  the  duties  appertaining;  to  the  manage- 
ment of  landed  estates." — Joutnal  iff  Forestry. 

"  A  very  useful  vade-mecum  to  such  as  have  the  care  of  land."— ^4^. 

"  Should  be  in  the  hands  of  all  young  men  whose  pursuits  are  in  aay  way  con* 
nected  with  land." — Estates  Gazette. 

"  A  valuable  and  important  work  on  a  subject  of  imperative  moment,  as  there  is  a 
large  and  daily  incrcasmg  demand  for  farm  produce  of  all  kinds." — Fanner's  HtrtUd, 


3a    WORKS  rUBLISHED  BY  CROSllY  LOCKWOOD  &  COi', 

"A    Complete  Epitome  of  the  Laws  of  tim 
Country." 

EVERY  MAN'S  OWN  LAWYER ;  a  Handj-Book  oTthe  Prin- 
ciples of  Law  and  Equity.  By  A  Uakbister.  i6lh  E<Ulion, 
Revised  la  (he  end  of  last  Session.  Including  a  Somniary  of  ibe 
prindpRl  Acta  of  Che  past  Session  (187S),  viz.  :— The  Bills  of  Sale 
Act.  The  Wcighls  aad  Measures  Acl,  The  DentistE  Act,  The 
Public  Heaitli  Act  (ss  la  the  Supply  of  Water  to  Dwelling- 
IiouBes),  The  Matrimonial  Games  Act  (as  to  a^^iavated  Assaulu 
upon  Wives),  &c.,  &c  With  Notes  and  References  to  the  An- 
thoritie*.  Crown  8vo,  price  61.  %d.  (saved  at  evciy  conniltalion), 
itroRgly  bound.  \yust  fukl'islud. 
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Auctioneering. 

AUCTIONEKRS  :  THEIR  DUTIES  AND  LIABILITIES. 
By  Robert  SQUiuns,  Auctioneer,     Demy  8vo,  loi.  bd.  cloth. 

\yuil  published. 
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House  Property. 

HANDKOOK  OK  HOUSE  PROPERTY  :  a  Popular  and  Prac- 
tical Guide  lo  ihe  Purchase,  Mortgage,  Tenancy,  and  Compulsory 
Sale  of  Houses  and  Land  ;  including  the  Law  of  Dilapidations  and 
Fixtures;  with  Enplanations  and  Examples  of  all  kinds  of  Valua- 
tions, and  useful  Information  and  Advice  on  Building.  By  Edward 
Lance  Tarbuck,  Architect  and  Survej-or.   ijmo,  51.  cloth  boards. 
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No       ARCHITECTURE,   BUILDING,   ETC. 

16.  ARCHITECTURE—ORDERS— Tbe.  Oidera  and  Iheir  ^stheljc 

Prmciplts.     Bv  H-.  H.  Lliviis.     I11uitrat«l.     ti.  6d, 

i;.  ARCHITECTURE— STYLES— Tbe  History  awl  DewripHon  of 

I^niPeii^.  "htT.  Talioi  jTuIIv,  F.R.l.B^.,*"    lllnitnul    «.'  * 
•,■  OnD'iiT  XHD  Stvijs  or  Anciiii.cTum,  li.  0«  C»/,  ji.  drf. 
l8.  ARCHITECTURE— DESIGN~-T\it   Principle*    of   Dcsiin    in 

ArchitFctnrr,  u  dcdiKibLx  from  Nalini  ud  einnpL<£«l  in  tin  Woiki  of  Ihf 
Gc«k  ind  Gothic  Arvhiteeu.  By  E,  L.  Ga»— t^  »,.  l.;,«^.  Tlt«.i...~l    ., 
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Architecture,  Building,  etc.,  continued. 

I«2*.  CARPENTRY  AND  JOINERY.      ATLAS  of  35  Plates  to 

accompany  the  foregoing  book.     With  Descriptive  Letterpress.    4to.    6s. ; 

cloth  boards,  7s.  6d. 

187.  HINTS  TO   YOUNG  ARCHITECTS,    By  George  Wight- 

wick.  New,  Revised,  and  enlarged  Edition.  B}*  G.  Uuskisson  Guillaume, 
Architect.     With  numerous  Woodcuts.    3s.  6d.t 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING:  A  Practical  Manual  of.  With  9  Coloured  Plates  of  WcmxIs 
and  Marbles,  and  nearly  150  Wood  Engraving.  l)y  Ei  lis  A.  Daviu:»on. 
Second  Edition,  carefully  revised.    5s.  cloth  limp  ;  6s.  ch>th  boards. 

189.  THE    RUDIMENTS    OF    PRACTICAL    BRICKLAYING. 

In  Six  Sections :  General  Principles ;  Arch  Drawing,  Cutting,  and  Setting : 
Piointing;  Paving,  Tiling,  Materials;  Slating  and  Plastennr;  Practical 
Geometry,  Mensuration,  &c.  Hy  Adam  Hammond.  lUnstrateo.  is.  6d. 
191.  PLUMBING,  A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of 
the  Plumber.  With  Chapters  upon  House  Drainage,  embodying  the  latest 
Improvements.  Second  kdition,  revised  and  much  enlarged.  Containing  300 
Illustrations.    By  W.  P.  Huchan,  Sanitary  Engineer.    3s.  6rl4 
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192.  THE   TIMBER   IMPORTER'S,  TIMBER  MERCHANTS^ 
and  BUILDER'S  STANDARD  GUIDE  ;  comprising  copious  and  valu- 
able  Memoranda  for  the  Retailer  and  Builder.    By  Richard  E.  Grandv 
Second  Edition,  Revised.    3s. t 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY,  By 
Jambs  Grbio  Badenoch.  Illustrated  with  12  full-pnge  Enj^avings  ot 
Examples,    is.        \Jusi  pubitshttK 

CIVIL   ENGINEERING,   ETC. 

13.  CnriL  ENGINEERING,  the  Rudiments  of;  for  the  Use  of 
Beginners,  for  Practical  Engineers,  and  for  the  Arm^^  and  Navy.  By  Henry 
Law,  C.E.  Including  a  Section  on  Hydraulic  Enfinccrinp;,  by  Gkorgb  K. 
BuRNBLL,  C.E.  <th  Edition,  with  Notes  and  lllustratiuns  by  Robert 
Mallbt,  A.m.,  F.R.S.    Illustrated  with  Plates  and  Diagrams.    534 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS,    By  G. 

Drysoalb  Dbmpsey,  C.E.    New  Edition,  enlarged.     Illustrated,     is.  6d. 

30.  THE  DRAINAGE  OF  TOWNS  AND  BUILDINGS,      By 

G.  Drysdalb  Dbmpsey,  C.E.    New  Edition.    Illustrated.    2s.  6d. 
%•  With  '*  Drainage  of  Districts  and  Lands^*  in  One  Vol.,  \s.  td. 

JI.  WELL-DIGGING,  BORING,  AND  PUMP-WORK.  By 
JOHM  Gborge  Swindell,  Assoc.  R.I.B.A.  New  Edition,  revised  by  G.  R. 
BURNBLL,  C.E.    Illustrated.    is.6d. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE,  for 
Building  and  other  Purposes.  With  Remarks  on  the  Hlowing  up  of  Bridges. 
By  Gen.  Sir  John  Bi'rcovnr,  Hart.,  K.C.H.    Illustrated,    is.  6d. 

43.  TUBULAR  AND  OTHER  IRON  GIRDER  BRIDGES, 
Particularlv  describing  the  Britannia  and  Conway  Tubl'LAr  BRiixiKS. 
WiUi  a  Sketch  of  Iron  Bridges,  and  Illustrations  of  the  Application  of 
Malleable  Iron  to  the  Art  of  Bridge  Building.  By  G.  D.  Dbmpsey,  C.E. 
New  Edition,  with  Illustrations,    is.  6d. 

63.  RAILWAY  CONSTRUCTION,  Elementary  and  Practical  In- 
struction on.  By  Sir  Macdonald  Stephenson,  C.E.  New  Edition,  enlarged 
by  Edward  Nugent,  C.E.  Plates  and  numerous  Woodcuts.  3s. 
8o».  EMBANKING  LANDS  FROM  THE  SEA,  the  Pracdce  of. 
Treated  as  a  Means  of  Profitable  Employment  for  Capital.  With  Examples 
and  Particulars  of  actual  Embankments,  and  also  I^actical  Remarks  on  the 
Repair  of  old  Sea  Walls.  By  John  Wigc.ins,  F.G.S.  New  Edition,  with 
Notes  by  Robkrt  Mai.let,  F.R.S.    2s. 

81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery 
for  raising  Water.  By  Samubl  Hughes,  F.G.S.,  C.E.  New  Edition, 
revised  and  enlarged,  with  numerous  Illustrations.    4s. t 
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Ki**.  (iA6  If'OAA'^',  and  the  Practice  orMaDuracturinzand  Ustribulinv 
C>m]  Gu.     B^   Suuil    BiOHu.   C.E.     Nw  Ediliiia,  nrnul   by  W 


of.    Bt  David  STtviHHHi.  F.R.S^,,  lie,    P1i(h  ud  DiaEnmi.     n. 
r.)7.  ROADS-   AND   STREETS   [THE  CONSTRUCTION   OF). 
>n  two  Paru:  I.  Thi  Aai  or  CcwnnvniHO  Couaov  KoAns-bT  Hnii 
Uw.C-E-.  rcviirduidcandniinlbr  D.KuiunCuaK-C.E.;  II.  Ricnr 
■■■Ai-TUni.  laclsdiai  pavcioau  of  Sluu,  Wood,  ud  Aiph^H,  bj  D.  K. 

joj,  SANliARY  H'S'rK  IN  TBE  SMALLER  TOWNS  AND  IN 
VILLAOKS.  Campriunc :— >.  bomii  of  lbs  non  Cnninaii  yami  d 
Nuiuncd  ud  their  RtiDediu;  i.  Dninaci:  i.  Wain  SpwIt.  A  d>i<<u1 
book  for  MEmben  of  Loral  Rourdi  ind  Kur^  Stuiiury  Kw&an&a,  Hmlch 
OScen.  EncmHMi,  .Survcyoii,  Huilden  ud  CootTuIoi.  Bt  Ch<>li> 
Suco,  AJ.C.E.    u,6d.;  \,Jmil tuUahO. 


MECHANICAL    ENGINEERING,    ETC. 
jj.  CRANES,  the  CoQiitniclioii  of,  sDd  other  UicIuDety  Tor  Raiang 
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A    Ncir,  Rrviicd,  and    comidcrabtj   Enlargfd   tdilinn   {Ac  I. .... 

nurarroui  Illuitrationi.    41.  6d.  riath  limp ;  j>.  6d.  clolh  boards,  elli. 
Si.  the  /•giver  of  WATER,  as  applied  10  drive  Kloiir  MUls, 

and  to  give  molionloTuibinni  and  oilier  HydroiUlic  Enpna.     B)- JosiPH 

q8.  PRACT/CAL   MECHANISM,  the  Elements  of;    and  Machine 

Tooll.     KtT.  Bakib.   C.E.     Wilh  Kemaiki  -m  Tooii  and   KlachinciT,  b< 
J.  NASMTtH.  C.E.      PlaltJ.      IJ.6d.t 

[  1 4.  SiACHINER  Y,  Elemenlaiy  PrincipJes  of,  in  its  Constniclion  and 

Working.     Illuilraled  by   nunii^roui    Eiamplel  of   Modpm    MarhincrT   for 
diffrrcn.  Branrha  of  Manufacture.     By  C.  5.  Abbl   C.E,     .>.  dd. 

r  iq.    THE  STEAM  ENGINE,  a  Trealisc  on  the  Malhcmalical  Thtot^- 
of,  »ilb  Kulci  al  Icneth,  and  Eaamplrs  for  the  Use  of  Practical  Mcd.     H; 


Land,    and    Lorornolive     EnEinos,    Floaling    Dockl.   Ilrcdirinf;    I.tarhin-t. 

t6s.  MO^'>^Zr^£?J2"^ek"^i'!Htine%he''l^iidpl%°c^^  in^l'he 

Conatruclion  of  Iron  Beam.,  Pillan,  and   BridRC  Girdrn.  and  the  Action  <-l 

166.  POWER  /}v  VoV/OjV^-''Hone-Po'wr',''Motioii,"toothed-Whef1 

Gearing.  Long  and  Short  Driving  Bandi,  Angular  Forcei.      By  Jaxo 
AXH.,1111.  C.E.     UMh  7}  Diagram >.     ».  6d.t 

167.  THE  APPLICATION  OF  IRON  TO  THE  CONSTRUCTION 
OP  BRIDGES,   GIRDERS,  ROOF.S,  AND   OTHER    WORKS.      B. 

Fbabcis  Camp™,  CE.     S«ond  bditinn,  n?>H-ed  and  rorrec-led.     j..  6.1.i 

LONDON  :  CROSBY   LOCKWOOD  AND   CO., 


WEALX*8  RUDIMENTARY  SERIES. 


Mechanical  Engineering,  etc,^  cantimud. 

171.  TffB  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  Jcmim  Maxton,  Engineer,  Instructor  in  Engineering 
Drsmg,  Royal  Naval  Collc«e,  Greenwich.  Third  Edition,  iflostrated 
widi  7  Plates  and  nearly  350 '^^odcnts.  jt.  6A.X 

19a  STEAM  AND  THE  STEAM  ENGINE,  Stationai^  and 
PbrtaUe.  Beiag  an  esteasioo  of  Mr.  John  Sewell't  "  Treatise  on  Steam.'* 
By  D.  KiNHBAR  Clakk,  M.I.C.E.,  Author  of  **  Railway  Machinery,"  Sic, 
tec.    Secoad  Edition,  revised.    With  numerous  Illustrations.    3s.  6d.t 

aoo.  FUEL,  its  Combustion  and  Economy;  being  an  Abridgment  of 
"A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention  of  Smoke,"  by 
C.  W.  WiLL'AMS,  A.I.C.E.  With  extensive  additions  on  Recent  Practice  in 
the  Combustion  and  Economy  of  Fuel — Coal,  Coke,  Wood,  Pteat,  Petro- 
leuBi.  ftc.— by  D.  Kimnkar  Clark,  M.I.C.E.  With  numerous  Illustrations. 
4t.  6dt  \Jusf  published. 

202.  LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on. 
Comprising  an  Historical  Sketch  and  Description  of  the  Locomotive  Enfpne 
by  G.  D.  Dbm PSET,  CE. :  with  large  additions  treating  of  the  Modem  Locu- 
motive,  by  D.  Kinmsar  Clark,  MIi.C.E.  With  numerous  Illustrations,  j^.l 


SHIPBUILDING,   NAVIGATION,   MARINE 

ENGINEERING,   ETC. 

51.  NAVAL  ARCHITECTURE,  the  Rudiments  of;  or  an  Exposi. 
tion  of  the  Elementary  Principles  of  the  Science,  and  their  Practical  Appli- 
catioB  to  Naval  Construction.    Compiled  for  ue  Use  of  Beginners.     Ky 
Jambs  Pbake,  School  of  Naval  Architecture^  H.M.  Dockyard,  Portsmouth 
Fourth  Edition,  corrected,  with  Plates  and  Diagrams.    3s.  6d.t 
53*.  SHIPS  FOR   OCEAN  AND  RIVER  SERVICE,  Elementary 
and  Practical  Principles  of  the  Construction  of.    By  Hakon  A.  Sommkr- 
rBLDT,  Sarveyor  of  the  Royal  Norwegian  Navy.    Wiui  an  Appendix,    is. 
53»«.  AN  ATLAS  OF  ENGRA  VINGS  to  Illustrate  the  above.  Twelve 
larvB  folding  plates.    Ro3ral  ito,  cloth.    7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentary  Treatise  on.  Also  Tables  of  Spars,  Rigging,  Blocks;  Chain, 
Wire,  and  Hemp  Ropes,  he.,  relative  to  vm^  class  of  vessels.  With  an 
Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Royal  Navy.  By  Robbrt 
Kippmo,  N.A.  Fourteenth  Edition.  Illustrated.  2%.% 
54*.  IRON  SHIP'BUILDING.  With  Practical  Examples  and  Details 
for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  John  Grantham,  Con- 
sulting Engineer  and  NavsJ  Architect.  5U1  Edition,  with  Additions.  4s. 
54^».  AN  ATLAS  OF  FORTY  PLATES  to  Illustrate  the  above. 
Fifth  Edition.  Including  the  latest  Examples,  such  as  H.M.  Steam  Frigates 
"Warrior,'*  "Hercules,^*  " Bellerophon ; "  H.M.  Troop  Ship  '*Serapis,'* 
Iron  Floating  Dock,  Itc.,  Ike.    4tq.  boards.    3SS. 

55.  THE  SAILOR'S  SEA  BOOK:  a    Rudimentaiy  Treatise    on 

Navigation.  Part  I.  How  to  Keep  the  Log  and  Work  it  ofL  Part  II.  On 
Finding  the  Latitude  and  Longitude.  By  Jambs  Grsbnwood.  B.A.  To 
sdiich  are  added,  the  Deviation  and  Error  of  the  Compass ;  Great  Circle 
Sailing ;  the  International  (Commercial)  Code  of  Signals ;  the  Rule  of  the 
Road  at  Sea ;  Rocket  and  Mortar  Appairatus  for  Saving  Life ;  the  Law  of 
Storms;  and  a  Brief  Dictionary  of  >ea  Terms.  With  numerous  Woodcuts 
and  Coloured  Plates  of  Flags.  New,  thoroudbly  revised  and  much  enlarged 
edition.  Ky  W.  H.  RosssR,  Author  of  the  "  Drriation  of  the  Compass  con« 
sidered  practically,"  ftc.    as.6d.t  [Jusi puhlisked. 

80.  MARINE  ENGINES,  AND  STEAM  VESSELS,  a  TVeatise 
on.  Together  with  Practical  Remarks  on  the  Screw  and  Propelling  Power, 
as  used  in  the  Royal  and  Merchant  Navy.  By  Robbrt  Murray,  C.E., 
Engineer-Surve^r  to  the  Board  of  Trade.  WiUi  a  Glossary  of  Technical 
Terms,  and  their  Equivalents  in  French.  German,  and  Spanish.  Seventh 
Edition,  revised  and  enlarged.    Illustrated.    3S.t 
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ally  Derivrd,  on  ttmn  of  lU  PrinciplM  nKsUli  „        .  „-       . 

BUNi>..Si»ri>lhE(£li«i.nm>(d.withnuacR>iuIt1ulraIiaii>udM«det>.»<6d. 
99-  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theofr 
■nd  PwCicB.    Willi  AttnnpU  Iv  (nrillUW  Iho  Fliidiiw  of  Ihr  Time  ud  ih> 
I.e»iliide  ■!  Su.    Kr  J- K.  You>e.  fonHilx  PtoftuDi  ol  Mubcaatici  in 

106.  SHIPS'  ANCHORS,   a  Treslise   on.      By  Geoboe  Cotsw-i, 

Kr.A.    Ulucnud.    ii.  6d. 
1(9.  SAILS   AND    SAIL-MAKING,   sn    ElemcDtaTT   Tteatue   im. 

Wilh  DniiEhlmR,  iBd  Ibe  CnRr  of  ESort  of  ■]»  Sail..     Al».  WrigfaB 

BodSiimofKofni  HuIinK,  Rigiiiiig,  »d  SnilierSlmi  V«Hb.  kc.Bc. 
Tcntfa  E^llon,  roUrenl,  wi-^i  an  Appendii.    Tiy  RoBnii  KiniKO.  Kj^., 
Sailmakrr.  Quiyiide.  NewcaMlr.    IlIiHIoM^.    t%.(A.% 
lis.  ^■ff'2    ENGINEER'S    GUIDE    TO    THE    ROYAL    AND 
UERCAffriLB  NAVIES.    Br  a  Pbactical   Exgikibk.    Rarwid  by  D. 
F.  U-Caiiiut,  law  of  the  Ordnance  SiuTt^  OScc.  Swlbampton.    }f . 
(J    PRACTICAL    NAVIGATION.      Con«sting    of   The    S.iilor's 
ic      Sea-IlDok.     Bt   Tauu  GsiiHwooD  and  W.  H.  KiuB».     Twelhei  mlb 
,„,      Ibe  rmaiute  MiEhnsMlca)  and  Nastiul  Tabkv  for  ihe  Wotking  oi  Ifac 
'"*■    PioWpbu.    itvKuHiiT  LAir.CS.,atid  J.  R.  Yoi'na.fomH^Pi^EiHiref 
Malbematin  in  Bnlfut  CoUnce.    II1ulIalI^d  with  munenHu  Wood  JiapaT- 
ioei  and  Colo uRd  Plates.    71.    Strooelj  balf-bomdin  luihfr, 

[7„j/>.,»/,i*,rf. 

PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,  ETC. 


i.  NATURAL  PHILOSOPHY.  Inlroduction  to  the  Study  of;  for 

lb.-  U»  nf  HrEinneri.     Hy  C.  Tdmlinion.  Lnrturer  on  Natural  Science  ia 

King'.  Collogo  School,  London.    WoodeuW.    11.  6d. 
1.  MINERALOGY,  Rudiments  of;  a  concise  View  t,f  the  Properties 

ofMinrrals.    By  A.  Rahsav,  Jon.    WondcuU  and  Steel  I'lalei.    js.i 
6.  MECHANICS,  Rudimentary  Treatise  on :   being   a  concise  Ei- 

''    laflbeGcner.-il  Principles  of  MecbaDical  Science,  and  IbeirApplica- 
Bv  CiiAHLBi  TOHi-ivEOK.  Lecturer  on  NatuiAl  Scienco  in  King's 


V 


.  ELECTRICITY;   showing  the  General  Principles  of  EJi-clrical 

-  ■        ■  ieb  il  bai  been  applied.     By  Sir  W.  SnoW 

»tderable  Additioni  by  R.  Saiim.  C.E., 


7*.  GALVANISM, 

Rudin 

lentarv  Treatise  on, 

and  the  General  Prin- 

E'SiUon,    rei'^lld." 

ad  Voti 

iair  Electricity.    %  Si 

hy  Ko.BaT  Sab,«:  C.E.. 

F.SA.    Woodcnts 

d. 

8.  MAGNETISM: 

being 

:  a  concise  £xposili< 

ra  of  the  General  Ptin- 

ciples  of  Ma^elici 

ice,  and  the  Purposes  li 

•.'■S';;,'.'ss-!,-sr."S 

,1  Sociotv.   Author  of  "A 

^ofo.   Hi.[>r  Vi^ 

:c".'cs 

..    Ne»  Edition,  rcviK 
idem  of  the  Cbemic:. 

Manual  oF  Electric 

ity."  t« 

:.,  »c.    Wilh  r6s  Woodcuts,     js.  Mt 

M.  THE  ELECTRIC  TELEGRAPH;  its 

HiHory  and   Progress; 

w;th  DeseiiptioM  of  some  i 

if  Ibe  Appaiatui.  ByR 

.Sa.inb,C.E.,F.S,A.,»c. 

Ii.  PNEUMATICS. 

for 

(be    Use    of    Befiinncrs,      By    Cbahlfs 

t^~TI-ltiadical7t~lh, 

■>!  Ilirii 

■'^■rh.  mar  bVi'iid  ,ho> 

t^Ty  bnund at  bd,  fjtrn. 

LONDON : 

CRO 
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weale's  rudimentary  series. 


Physical  Science,  Natural  Philosophy,  etc,  continued, 

7S.  MANUAL  OF  THE  MOLLUSCA  ;  a  Treatise  on  Recent  and 
Fossil  Sliells.  By  Dr.  S.  P.  Woodward,  A.L.S.  With  Appendix  by 
Ralfh  Tats,  A.L.S.,  F.G.S.  With  numerous  Plates  and  joo  Woodcuts. 
6s.  6d.    Cloth  boards,  7s.  6d. 

1^^^.  PHOTOGRAPHY^  Popular  Treatise  on;  with  a  Description  of 
the  Stereoscope,  Itc.  Trasnlated  from  the  French  of  D.  Van  Monckhovbn, 
by  W.  H.  Thornthwaits,  Ph.D.    Woodcuts,    is.  6d. 

96.  ASTRONOMY,     By  the  Rev.  R.  Main,  M.A.,  F.R.S.,  &c. 

New  Edition,  with  aa  Appendix  on  '*  Spectrum  Aaaljrsis."  Woodcuts,  is.  6d. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.    By  T.  Bakbr,  C.E.    is.  6d. 

138.  TELEGRAPH,  Handbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks'  Remembrancer,  and  Guide  to  Candidates  for  Employ- 
ment in  the  Telegraph  Service.  By  R.  Bond.  Fourth  Edition,  revised  and 
enlarred:  to  which  is  appended,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, and  PRACTICAL  TELEGRAPHY,  for  the  Use  of  Students, 
by  W.  McGkbgor,  First  Assistant  Supnt,  Indian  Guv.  1  elegraphs.    js.t 

143.  EXPERIMENTAL    ESSAYS,      By    CHARLh:s    Tomlinson. 

I.  On  the  Motions  of  Camphor  on  Water.  II.  On  the  Motion  of  Camphor 
towards  the  Light.   III.  History  of  the  Modem  Theory  of  Dew.  Woodcuts,  is. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock's  "Ru(Uments  of  Geology.*'  By  Ralph  Iatb,  A. L.S.,  See.  Woodcuts.  28. 

174.  HISTORICAL     GEOLOGY,    partly    based    on    Major-General 

Portlock's  "  Rudiments."   By  Ralph  Tatb,  A.L.S.,  «tc.  Woodcuts,  as.bd. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

il        Historical.    Partly  based  on   Major-General  Portlock's  "  Rudiments  of 

1 7A-     Geolpgy."    By  Ralph  Tatb,  A.L.S.,  F.G.S.,  8tc.,  fcc.    Numerous  Illustra- 

'^     tions.    In  One  Volume     4s.  6d.t 

183.  ANIMAL  PHYSICS,  Handbook  of.    By  Dr.  Lardner,  D.C.L., 

Sc        formerly  Professor  of  Natural    Philosophy  and  Astronomy  in    University 

184.  College,  Lond.   With  520  Illustrations.    In  One  Vol.    7s.  6d.,  cloth  boards. 

%*  Sold  €U*o  in  Ttoc  Paris^  as  follows  : — 

183.  Animal  Physics.    By  Dr.  Laruner.    Part  I.,  Chapters  I— VII.    as. 

184.  A.NiMAL  Physics.    By  Dr.  Lardnbr.    Part  II.,  Chapters  VIII— Xvlll.    3s. 


MINING,    METALLURGY,    ETC. 

117.  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on,  with  and  without  the  Magnetic  Needle.  By  Thomas  Fbnwick, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.    Illustrated,    as.  6d.t 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods 

of  Setting,  Mining,  and  Assaying  Copper,  and  Manufacturing  its  AlIo}'s. 
Bt  Robert  H.  Lamrorn,  Ph.D.    Wooacuts.    ss.  6d.t 

134.  METALLURGY  OF  SILVER  AND  LEAD,     A  Description 

of  the  Ores;  their  Assay  and  Treatment,  and  valuable  Constituents.    By  Dr. 
R.  H.  Lamborn.    Woodcuts,    ss.  6d.t 

135.  ELECTRO-METALLURGY;  Practically  Treated.     By  Alex- 

ANDBR  Watt,  F.R.S.S.A.     Seventh  F.dition.  revised,  with  important  addi- 
tions, including  the  Electro-Deposition  of  Nickel,  Sic.,  &c.     Woodcuts. 
38.t  *  [Just ^ublitJUd. 

172.  MINING  TOOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 
Agents,  Students,  &c.  Comprising  Observations  on  the  Materials  finom,  and 
Processes  by,  which  they  are  manufactured ;  their  Special  Uses,  Applica- 
tions,  OnalitieSf  and  Efficiency.  By  William  Morgans,  Lecturer  on  Minirg 
at  the  Bristol  f^rhool  of  Mines,  ss.  6d.t 
172*.  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the  above, 
containing  S35  Illustrations  of  Mining  Tools,  drawn  to  Scale.  4to.  4s.  6d. ; 
cloth  boards,  6s. 

7h«%  indicates  that  these  fo.t.  may  be  had  strongly  bound  at  6d.  extra. 
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ling,  Metallurgy,  «ic.,  lonhnued. 

•.  METALLURGY  OF  IRON,  a  Treatise  on  iIml      Co(itaini*K 


uiiibcIiHE  oi^iM  lad  Sud,  I 


1   A=^T«. 

ilH.  B«i' . 

-^    «.-&i.t 
k  CO^r   -4A'ZJ   CO^Z  M/yiya.   a    Rijdi»«n»ary  Treatise  on. 

SWamioisk  W.  Sam,  Hjt„  F.R^-  kc.  Chief   fnnwtor  vf  Aa 
BH  of  ibE  Crnm  »d  ef  lbs  Dsclir  of  Cmntl.    N<m>  EAIi<^  miitJ 

.  TJIS  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
FLKTBGL'IOE.  with  nn  Traicne Tabid, lod  [leHriplini  of  iBpiDml 
InNranmu;  abstbeCciml  PriKiiila  of  Linnc  nnl  lad  Valunr  Uiorral 

Isnr  Plata  «f  DiacnuBt,  PIiini,ac.    ji.  U.l 


AGRICULTURE,  GARDENING,  ETC. 

.  THE   DRAINAGE   OF  DISTRICTS   AND   LANDS.      By 
a.  Dmuui  Dlanar,  C.E.    IlluliiUd.    ii.  U. 
',•  U'ifA  ■•  Drmnttt «/  Tama  ami  Bmildittgi,"  n  One  VtK  jb  M 
I.  AGRICULTURAL  ENGINEERING:  Fam  Bandmes.  MotiTC 
-  xcn  ud  MachtseiT  of  1I10  Stn«B(,  KcM  MacblBH.  ud  laplcseau. 
G.  R.  Aini*iw«,  C  E.    lUnlratod.    ]l 
..  f/,>*r    LANDS    AND    LOAMY    SOILS.        By     Professor 

Donaldson,    ii. 
.  MILLER'S,   MERCHANTS,   AND   FARMER'S   READY 

KECKONER.  for  aif  enaininK  »l  sinhl  Ihp  valiK  ot  anj  qaanlin  of  Con, 
from  Onr  Bunbel  lo  One  Hniidnd  QDarten.  ai  an?  gixn  price,  from  £1  to 
£SP=fQr-      Wilhapproiimslc  valDCj   of   MilMonci,  Mjllwork,  4c.     ii. 

1,  SOILS.  MANURES,    AND   CROPS.     (Vol.    1.   Outunbs  OF 

.MOKIHN    FARMlNa.)      H;  R.  ScOTT    HvuN.      WoudCDIl.     31. 

.  FARMING  AND  FARMING  ECONOMY.  Notes,  Historical 


;.  DAIRY,   PIGS,   AND  POULTRY,   Management  of  the.     By 

R.  Scott  Bvhn,     WTti  NnlM  on  Ihe  DiHuuci  of  Slock.     (Vol.  4.  OuiUNIl 
or  Moniii.-<  Farhikg.)    Wocxlciiti.    ». 
I.   UTILIZATION     OF     SEWAGE,      IRRIGATION,      AND 

KECLAMATIO.V  OF  WA.STE  LAND.    (Vol.  j.  Obiuno  or  Mophb 

"Jul.   140.1.  J.S-6,   in  OneVgl..  handlCHDcly  li»lf-bouinl,  rnlille4  "  OultttIS  or 

AtooBKH  Fahoinc."    Ht  Kobui  Scon  Buih.    PHn  191. 
■    FRUIT  TREES.  The  Sdenlifie  and  PtofiUble  Cullure  of.   From 

the  French  of  Di'  Kbbuic.  Rfviud  bf  Gto,  GLBNNr.  1S7  Woodcnts.  ji.  M.I 
I.  SHEEP;  THE  HISTORY.  STRUCTURE,  ECONOMY,  AND 

IJISKASES  OF     Ky  W.  C.  SrooKia,  M.R.V.C.,  kc.     FoiMh  Edition, 

specimcni  of  New  snd  improved  l(r«.'d>.    jM  pp.   Ji.  6d.l' 

.  KITCHEN  GARDENING  MADE  EASY.      Showing  how  to 

tegMa^kand'^Hfrb,  wiir°ukuVfll'dii«lion»"fm  th" 

M  the  year  roun>l.     Ky  Geoici  M.  F.  Gl.is^v,  Editor  of  "  Glenn t'i  Illui- 

Ititrd  Garden  Almanack."  and  ABthar  of  "  Florid. I ture."  »c.    ,J.  iSd.l 
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FINE  ARTS. 

JO.  PERSPECTIVE  FOR  BEGINNERS.  Adapted  to  Young 
SCttdents  and  Amatenn  in  Architecture,  Painting,  he.  By  Gborob  Pymi, 
Artist.    Woodcnts.    as. 

40    GLASS  STAINING  ;  or,  Painting  on  Glass,  The  Art  of.    Com- 
.  $c       prising  Directions  for  Prepirirg  the  Pigments  and  Fluxes,  laying  them  upon 

^1^      the  Glass,  and  Fiting  or  Kumi  ig  in  the  Colours.    From  the  German  of  X>r. 

^  *  Gbssbkt.  To  whit  h  is  added,  in  Appendix  on  Thb  Art  of  Enamelling, 
&c.,  with  Thb  Art  of  Paixtino  on  Glass.  From  the  German  of  £manukl 
(iTTo  Frombrro.    In  One  Volu  nv.    t*.  6d. 

69.  MUSIC,  A  Rudimentary  and  Practical  Treatise  on.  With 
numerous  Examples.    By  Charlbs  Child  Spbncbr.    as.  6d. 

71.  PIANOFORTE,  The  Art  of  Pla>ing  the.  With  numerous  Exer- 
cises and  Lessons  Written  and  Selected  from  the  Best  Masters,  by  Charles 
Child  Spbncbr.  is.  6d. 
181.  PAINTIhG  POPULARLY  EXPLAINED,  including  Fresco, 
Oil^  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature. 
Paintiu);  on  Ivory,  Vellum.  Pottery,  Knarael,  Glass.  Itc.  With  Historical 
Sketches  of  the  F^sress  or  the  Art  by  Thomas  John  Gitluck,  assisted  by 
John  Tim bs,  F.S.  A.  Fourth  Edition,  revised  and  enlarged,  with  Frontispiece 
and  Vignette.  514 
186.  A  GRAMMAR  OF  COLOURING,  appUed  to  Decorative 
Painting  and  the  Arts.  By  Gborcb  Fibld.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Elus  A. 
Davidson,  Author  of  "  Drawing  for  Cari)enter8  "  &c.  With  two  new 
Coloured  Diagrams  and  numerous  EngraTings  on  Wood.    ^%,X 


ARITHMETIC,   GEOMETRY,  MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 

their  Construction  and  the  Methods  of  Testing,  Adjusting,  and  Using  them 

are  concisely  Explained.     By  J.  F.  Hbathbr,  M.A..  of  the  Koyal  Military 

Academy,  Woolwich.    Original  Edition,  in  x  vol..  Illustrated,    is.  6d. 

*»*  In  ordering  iiu  eihovty  bt  cartful  to  sa^^^  **  Original  Edition,^*  or  give  the  numSer 

in  the  Series  (3a)  U  dietinguisk  ti  from  the  Enlarged  Edition  in  3  vole, 

{Nos,  X68-9-70.) 

60.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on; 
with  all  the  Modem  Improvements.  Arranged  for  the  Use  of  Schools  and 
Private  Students ;  also  for  Practical  Land  Surveyors  and  Engineers.  Ky 
T.  Bakbr,  C.E.  New  Edition,  revised  by  Edward  Nugent,  C.E.  Illus- 
trated with  Plates  and  Diagrams,  as.t 
bi*.  READY  RECKONER  FOR  THE  ADMEASUREMENT  OF 
LAND.  By  Abraham  Arman,  5k:hoolmaster,  lliurleigh,  Beds.  To  iHiich 
is  added  a  Table^  showing  the  Price  of  Work,  from  as.  (xL.io£i  per  acre,  and 
Tables  for  the  Valuation  of  Land,  from  xs.  to  jf  1,000  per  acre,  and  from  one 
pole  to  two  thousand  acres  in  extent,  &c.,  &c.    xs.  6d. 

76.  DESCRIPTIVE  GEOMETRY,  an  Elementanr  Treatise  on; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  MoNcr.  To  which  is  added,  a  description  of  the  Principles  and  Practice 
of  Isometncal  Projection ;  the  whole  being  intended  as  an  introduction  to  the 
Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.  By 
J.  F.  Hkathbr,  M.A.    Illustrated  with  14  Plates,    as. 

178.  PRACTICAL    PLANE    GEOMETRY:    giving    the    Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  I.  F.  Hbathbr,  M.A.  With  >xs  Woodcuts.  2m. 

179.  PROJECTION :  Orthographic,   Topographic,   and  Perspective: 

giying  the  various  Modes  of  Delineating  Solid  Forms  by  Constructions  on  a 
Single  Plane  Surface.    By  J.  F.  Hbathbr,  M.A.  [In  preparation, 

*,*  The  above  three  volumes  will  form  a  Complbtb  Elbmbntarv  Coursb  or 

Mathbmatical  Drawing. 

The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  bd.  extra. 
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IS  wealg's  rudimsntary  series. 

Arlthmatlc,  Geometry,  Mathematics,  aXc,  oiHtinofd, 
»y  COMMERCIAL  BOOK-KEEPING.   With  Comraert-wl  Phrase. 
and  Foimi  in  EnKlr.h,  FrcBcli,  lulUn.  >od  Gmuid.    Br  I*«i  H*ddob. 
JI.A.,  Ariltmctitil  Uutor  of  Kjng'f  CdII«(«  School,  Lmnfeo.    it  M. 
84.  ARmiMETIC.  a  Rndimenlary  Tresliic  on:  with  full  Explain. 
linni  nf  lU  ThooTBricjl  Prindpld,  and  nunirtruiu  Eianplcifcr  PiacUer.  For 
iIk  U»of  Sdioc.li  md  farS<ilr-ln>lniclic>ii.    By  J.  R.  fo<tM>,  lain  Fm(«»r 
of  MiUi<-DuII«  Sn  Dflfort  Collefe.    N«>  EditioD.with  Indn.    ii.6d. 
tt*.  A  Klv  ID  Ibe  nbons  canlaininc  Solutioni  ia  futi  \o  the  Bwcii«,  twelbci 
irilb  Conmicnli.  EiiiUnatiiiat,  and  Iiii|irev«l  PitxcMci.  for  Ibe  Un  of 
Ttachm  and  UauiiilBd  Le.merv     Br  jT  K.  YouKO.     ut  6d, 

8(.  EQUA  TIONAL  ARITHMETIC,  applied  to  Qucslionsof  InWreM. 

8,».    A4.l.0iti«.,LifcA»u.antc«.dG™™l  imomerc;  .Klb  varimo.  T.hin  bj 
wbich  all  Cakalalioot  may  br  gnaU)*  (acUiutsd.    By  W.  Hipsui.    >i. 

W..  ALGEBRA.  Ihe  Elemenls  of.  By  Tames  Hadwjs,  M.A.. 
S«(.nd  Ualbcmalfcwl  Maiter  of  Kin('i  Collefa  Scbml.  With  Appcndii. 
CDDUininf  niaollumu  InvnEipUom,  ud  ■  CoUccCion  of  Problrmi  in 
rariouii  para  of  Alenbra.  u. 
M* .  A  Kav  A!TD  CoMFAHLOH  lo  Itie  abovo  Book,  fommf  u  txlcnuve  nwKilorr  of 
Soind  Eiaimila  aad  Prablmi  in  llluilralion  of  Itae  variaiu  EiprdirnD 
DKCatnTf  in  Alnbraica]  Opfratioai.    fispeciall;  adapted  tot  Snlf-Iumic- 

SS.  EUCLID,  Tbb  Elemznts  op  :  with  Duny  ■ddilional  Propositioiu 
ft),  aad  EipUoatorr  Nokb.:  10  wbirt  ii  preiied,  an  louoducloir  E«aT  on 
^      Logic.    ByHnsav  Law.C.E.    ...  M  ) 

«K.      Euclid,  Tic  FiralThneBooki.    By  Hbnbv  Law,  C.E.    it. 

./>.  ANALYTICAL     GEOMETRY  AND    CONIC    SECTIONS, 

nKudimfnla>>*'rrl-aIiscDn.  KvIamfs  HAN\.1ato  Mathematical  Master  of 
King.  Cnllrire  School,  London.  A  N™  Kdili.in.  re-wrillen  and  rnlatgcd 
by  J.  K.  Young,  furmeily  P[of<"'sor  of  Mathcmatici  at  Helfait  College.     Is.! 

91.  PLANE    TRIGONOMETRY,   the    Elements   of.     By  Jamfs 

Ua\!I,  formerly  Mathematical  Master  of  KinK'l  College,  London.     11. 
02.  SPHERICAL  TRIGONOMETR  Y,  the  Elements  of.     By  JauES 
Hann.    KeviwdbyCHAai.es  H.  Dowlikc,  C.E.    if. 
',•  Orviilh-TlirEUmr,,tio/PlaneTTigi,»omrtry:-  inOneVflumi.tt. 

9J,  MENSURA  TION  AND  MEASURING,  for  Students  and  Prae- 
lical  L'sc  With  (he  Mi-nturation  and  Levcllinn  nl  Land  for  the  Puipoici  of 
Modem  F.nEin.i^iiiK.  By  T.  Kakhs,  C.E.  NcA  Edition,  nilh  Corrcttioni 
and  Addition!  by  E.  Ni.'c!«»r,  C.E.  llluMmtrd.  ij,  6d. 
lOL'.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA. 
r/0,VS.  and    an    An^.lyii'^of  thr  Christian.   Hcbr™,   and    Mahoroftan 

tol.  INTEGRAL   CALCULUS.  Rudimentary 'Treatise  on   the.     By 

HOHIRSiiAM  Cnx.  H.A.     Illustrated.     „. 
101.  INTEGRAL  CALCULUS.  Examples  on  (he.     By  Jaues  Hann, 
l.itc  ol  KinK"!  College,  London.     Illuiltalcd.     IJ. 

101.  DIFFERENTIAL  CALCULUS,  Elements  of  the.  By  W.  S.  B. 
105.  MNEMONICAL    i£5'50jVj-.  — Geosjetrv,    Algebra,     anu 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 

158.  THE  SLIDE  RULE,  AND  HO IV  TO  USE  IT;  containing 
full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Cuarlbs  Uoarb,  C.£.  With  a 
Slide  Rule  in  tuck  of  cover.    3s4 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.    Includ- 

ing^—I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copjnng,  aAd  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  J.  F.  Hbatubr.  M.A^  late  of  the  Royal 
Military  Academy.  Woolwich,  Author  of"  Descnptive  Geometry,"  «u:.,  &c. 
Illustrated,    is.  6d. 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especially)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.    By  J.  F.  Hbathbr,  M.A.    Illustrated,    is.  od. 

170.  SURVEYING    AND   ASTRONOMICAL    INSTRUMENTS. 

Including — ^I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.  II.  Instruments  Employ<ra  in  Astronomical  Observa- 
tions.   By  J.  F.  Hbathbr,  M.A.    Illustrated,    xs.  6d. 

*«*  Th£  above  three  volumes  form  an  enlargement  of  the  Author'*  original  worh. 
"  Mathematical  Instruments:  their  Constructiony  Adjustment^  Testing,  and  Use^ 
the  Eleventh  Edition  of  which  is  on  sale,  frice  is.  60.  {See  No.  32  in  the  Series.) 

tfA.\  MATHEMATICAL  INSTRUMENTS.    By  J.  F.  Heather, 

169.  ^  M  JV.  Enlarged  Edition,  for  the  most  part  entirely  re- written.  The  3  Parts  as 
X70.y  above,  in  One  thick  Volume.   With  numerous  Illustrations.  4s.  6d.| 

185.  THE  COMPLETE  MEASURER  ;  setting  forth  the  Measure- 
ment of  Boards,  Glass,  &c.,  &c. ;  Unequal -sided.  Square-sided.  OctaTOnal- 
sided,  Round  Timber  and  Stone,  ana  Standing  Timber.  With  a  Table 
showing  the  solidity  of  hewn  or  eight- sided  timber,  or  of  any  octagonal - 
sided  column.  Compiled  for  Timber- growers.  Merchants,  ana  Surveyors, 
Stonemasons,  Architects,  and  otherv.  By  Richard  Horton.  Third 
Edition,  with  valuable  additions.    4s. ;  strongly  bound  in  leather,  58. 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES ;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.  By  FiooR  Thoman,  of  the  Soci£t£  Credit 
Mobilier,  Paris.    4s.t 

199.  INTUITIVE  CALCULATIONS;  or.  Easy  and    Compendious 

Methods  of  Performing  the  various  Arithmetical  ^  Operations  required  in 
Commercial  and  Business  Transactions ;  together  with  Full  1'  xplanations  of 
Decimals  and  Duodecimals,  several  Useful  Tables,  and  an  Examination  and 
Discussion  of  the  best  Schemes  for  a  Decimal  Coinage.  Bv  Danibl 
O'GouM AN.  Twenty-fifth  Edition,  corrected  and  enlarged  by  J.  R.  Young, 
formerly  Professor  ot  Mathematics  in  Belfast  College.  3s. t 

204.  MATHEMATICAL  r^^ZJF.V,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  Hbnry  Law,  C.£.  Together  with  a  Series  of  Tables  for  Navib^ation 
and  Nautical  Astronomy.  By  J.  R.  Young,  formerly  Professor  of  Mathe- 
matics in  Belfast  XTollege.    New  Edition.    3s.  6d.t  Just  published. 


MISCELLANEOUS    VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHjS- 
OLOGY,  the  FINE  ARTS,  &K.  By  TohnWbalb.  Fifth  Edition.  Revised 
by  RoBBRT  Hunt,  F.R.S.,  Keeper  of  Mining  Records.  Numerous  Illus- 
trations.   5s.  cloth  limp  ;  6s.  cloth  boards. 

50.  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER- 
VICES. By  Davio  Gibbons.  Third  Edition,  revised  and  considerably 
enlarged.    ^%.% 

The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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MlBC«Ilaneoua  Volumea,  continuid. 
III.  MANUAL  OF  DOMESTIC  MEDICINE.     By  R.  GooniKO, 
ll.A.,  U.D.    InUnded  «  a  Pimily  Guide  in  U]  Cu«  af  Aciidfiil  ud 

111'.  MANAGEMENT  OF  HEALTH.     A   Manual  of  Home  »nd 
P™.nd  Hygimfc    By  lh»  Rev.  J*-..  B*i.o,  B.A.    xt. 

iSOl  logic.  Pore  and  Applied.     By  S.  H.  Euuens.     u.  61I, 
151.  PRACTICAL   HINTS  FOR  INVESTING   MONEY.    With 
»n  Pipruiaiion  ol  ttif  ModeofTranMttiiij  Buijnn.  on  the  Slock  EichonKC. 


IS^.  GENERAL  HINTS  TO  EMIGRANTS.  Conlaining  Notices 
of  the  rarioui  Fieldt  for  Emieration.  With  HieU  on  Pifrparuioa  fee 
KmlKnlini.  Outfili.  ac.  fee.  Witb  DirHtiniu  aad  Kecipa  Diefnl  id  Itie 
Emifnnl.    With  i  Uap  ol  Uie  World,    u. 

IS7.  7!ffff  EMIGRANTS   GUIDE    TO   NATAL.      By  Robert 

Uuca  Ma»i*,  F.H.A.S..  F.M.S.  Secoix]  Kdition,  »te(ull>  conected  to 
the  preml  Ditc.    Map.    u. 

!«.  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  forthc 
Gniduce  of  OScen  Pi«»rUur  fer  Promolion,  uid  «»poei»lly  itdiipted  to  the 
n<|.!nme«u  of  Hegienen.  Rv  JUjor  W.  W.  KNoLlYS,  F.R.O.S..  ojid 
Sulberluid  ftiehluden,  ftc.    With  t6]  Woodculi.    ji-t 

1^4.   r^fi  HOUSE   MANAGER:  Beinc  a  Gui<le  to  HouEiekeepinf:. 

J'ractiral  CookerT  Picklmg  and  PrewrnDg.  Hon«ho1d  Work,  blirj 
Mjuagnnent,  Ibe  Table  and  lleMcrt,  Cellarageof  Winei,  Honie-brening 
and  Winc-inakine,  the  Boudoir  and  DnMiing-rooin,  TraveNiof,  Stable 
Economy.  Gardening  Operalioni,  »c,     Hy  An  Oi  d  HaLj.K.BPin.    j,.  6d.J 

104.  HOUSE  BOOK  (Tkt).  Cimnnsing:— I.  The  House  Manages. 
,12  HynuOi.D  KovsiKKti-Eii.  [1.  Ooutsiic  MmiiriNii.  Hy  R^i.ph  Ooom\G. 
j^         K(.[).     III.   M.N,r.li»iENi  OF  Hbaith.     By  Jambs  IIairo.      Ii:  One  Vol., 
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HISTORY. 
I.  England,  Outlines  of  the  History  of  j  mote  especially  H-iih 

referenee  lo  the  Origin  and  ProirTeH  of  the  Kncl-'-  "^ ■-   -■—       ■   •■-     - 

IJook  fo    ■  ■      ■       ^  - 

of  Her 

5.  Gi^ece,  Outlines  of  the  History  of;  in  conneciion  with  tiie 
Riie  of  the  A.ti  and  Civiliiation  in  Europe.  By  W.  Dour.tAS  Haxiltdn. 
of  Univi-riily  College.  London,  and  Edwaku   Lbvien,  M.A.,  of  Balliol 

7.  Rome,  Outlines  of  the  History  of;  from  the  Earliest  Period 
to  the  Cliii~li;in  Kra  and  the  Coniineneen;ent  of  the  Decline  of  the  Empire. 
Hy  EmvAHU  I.HViEN.of  ttalliol  College.  Oifard.  Map,  li.6d.  ;  cl.  bdi,  ]i,M. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

htm  the  Creation  of  the  Vorld  to  the  Conclujinn  of  the  Franeo-Gemian 
War.  The  Coniinuation  by  W.  I),  Hamilton,  F.S.A.,  of  Her  Uajejly'i 
KecorJ  Office.     ]>.  ;  cloth  boards,  3J.  6d. 

50.  Dates  and   Events   in   English   History,   for  the  use  of 
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ENGLISH    LANGUAGE    AND    MISCEL- 
LANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philologr.  By  Hydb 
Clarke,  D.C.L.    Third  Edition,    zs.  6d. 

II*.  Philology :  Handbook  of  the  ComparatiYe  Philology  of  English, 
Anglo-Saxon.  Frisian,  Flemish  or  Dutch,  Low  or  Piatt  Dutch,  High  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.    By  Hyde  Clarke,  D.C.L.    zs. 

12.  Dictionary  of  the  English    Language,  as  Spoken  and 

Written.  Containing  above  xoo,ooo  Words.  By  Hyde  Clarke,  D.C.I,. 
3s.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition  and    Punctuation,   familiarly  Explained    for 

those  who  have  neglected  the  Study  of  Grammar.  By  Justim  Brenak. 
x6th  Edition,    is. 

49.  Derivative  Spelling- Book :  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  RowBOTHAM,  F.R.A.S.    Improved  Edition,    xs.  6d. 

51.  The  Art  of  Extempore  Speaking:  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translated  m>m  the  French.  Sixth  Edition,  carefully  corrected, 
as.  6d. 

52.  Mining  and  Quarrying,  with  the  Sciences  connected  there- 

with. First  Book  of,  for  Schools.  By  J.  H.  Collins,  F.G.S.,  Lecturer  to 
the  Miners'  Association  of  Cornwall  and  Devon,    xs. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Public  and  Private  Examinations.  By  the  Rev.  Edgar 
Rand,  B.A.    zs. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.  To  which  is  prefixed,  a  Briet  Treatise  upon  Modem  Chemical  Nomencla- 
ture and  Notation.  By  Wm.  W.  Pink,  Practical  Chemist,  Sec,  and  George 
£.  Webster,  Lecturer  on  Metallurgy  and  the  Applied  Sciences,  Notting- 
ham.    2S. 

THE    SCHOOL    MANAGERS'    SERIES   OF   READING 

BOOKS, 

Adapted  to  the  Reouirements  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  Grant, 
Rector  of  Hitcham,  and  Honorary  Canon  of  Ely;  formerly  H.M.  Inspector 
of  Schoob. 

Introouctorv  Primer,  3^. 


9.  d» 

First  Standard  .06 

Second      „  .       .0x0 

Third        ,.  .       .    x    o 


9.  d. 
Fourth  Standard  .  .  .  x  2 
Fifth  „  ...16 

Sixth  „  .       .        .    x      6 

Lessons  from  the  Bible.    Part  I.    Old  Testament,    xs. 
Lessons  from  the  Bible.     Part  II.     New  Testament^  to  which  is  added 
The  Geography  of  the  Bible,  for  very  young  Children.    By  Rev.  C. 
Thornton  Forster.     xs.  2d.    %*  Or  the  Two  Parts  in  One  Volume.  2s. 


FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Roles  on  the 

Genders  of  French  Nouns.    By  G.  L.  Strauss,  Ph.D.    xs.  6d. 

25.  French-English  Dictionary.    Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  on  Railways,  &c.     By  Alfred 
Elwes.    is.  6d. 

26.  English-French  Dictionary,    By  Alfred  Elwes.    2s. 
25,26.  French  Dictionary  (as  above).    Complete,  in  One  Vol.,  3s. ; 

cloth  boards,  3s.  6d.    *«*  Or  with  the  Grammar,  cloth  boards,  4s.  6d. 
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French,  ciniimi4^d.  " 

47.  French    and    English    Phrase    Book :    conlainiDg  InUo- 

Vonil>ularie>  otVonU.  1  CuUvciian  nf  laiubic  Phnin,  and  E»>y  Fmdi14« 


GERMAN. 

39.  German   Grammar.      Adapted    Sot    EnglUh    Stadenis,   from 

HerK'i  ThMfcIlcal  ut)  Pnctical  GraDiur.  by  Di.  G.  L.  Shauu.    i>. 

40.  Gennao  Reader;   A  Serin  of  EitiicU.caierully  culled  rrom  [he 

p\Z>M^.    RrG^I.rsnuiuss.PliaJ!'  a.         '""'       '  °  "*"        " 

41.  German  Triglot   Dictionary.      Bv  Nicholas  tlSTSKHAKV, 

S.  A.  Hahiltds.    Part  I.  Unci  lib -German -Frisncb.    ii. 
4J.  German     Triglot     Dictionary.      Piitt  II,   Geiman-Ftench- 

Enjliih.     I., 

43.  German   Triglot   Dictionary.       Part  HI.    Frencli-Geinwn- 

EngUh,     1,. 

41-43.  German   Triglot   Dictionary  (as  above),  in  One  VoL,  jb.  ; 


ITALIAN. 

17.  Italian   Grammar,  arranced  in  Twentj'  Lessons, 


« 


30.   Italian     TriRlot     Dictionary.       By  A.   Elwks,       Vol.    !. 

32.  Italian  Triglot   Dictionary.      By  Alhksd  Ei.wes.     Vol.  3. 

18,30,  Italian   Triglot    Dictionary  (as    above).      In  One   Vol.,  6s, 

SPANISH   AND  PORTUGUESE. 

34,  Spanish  Grammar,  in  a  Simple  and  Pr-ctital  Fotm.     \V,ih 

35.  Spanish-English    and    English -Spanish     Dictionary. 


HEBREW. 

^<,^.  Hebrew  Grammar      hy  Dr.  Bhf.sslai 
44.  Hebrew  and   English  Dictionary,  B 

ri.MT.,, .,,„,..    III.-    H,.l,..«    ..t.J    Ch.ilUrl-  Km,l.    nr_ 

46.  English  and  Hebrew;  Dictionary.    . 

44,46.  Hebrew  Dictionary  (.!■*  .itiovc),  in  Tw 
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LATIN. 

19.  Latin  Grammar.     Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  By  the  Rev.  Thomas  Goodwin, 
M.A,,  Head  Master  of  the  Greenwich  Proprietary  School,     is. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin, 

M.A.    2s. 
22.  English-Latin    Dictionary;   together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.     By  the 
Rev.  Thomas  Goodwin,  M.A.    xs.  6d. 
20,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. ; 
cloth  boards,  4s.  6d.    %•  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 

LATIN  CLASSICS.     With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.     Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young,    xs. 

2.  Caesaris  Commentarii  deBello  Gallico.  Notes,  and  a  Geographical 

Register  for  the  Use  of  .Schools,  by  H.  Youno.    ss. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.     Edited,  with  an 

Introduction,  Analysis,  and  Notes  Explanatory  and  Critical,  by  the  Rev. 
Jambs  Davibs,  M.A.    xs. 

13.  Ciceronis    Orationes    in    Catilinam,   Verrem,    et    pro    Archie. 

With  Introduction,  Analysis,  and  Notes  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  L&ARY,  D.C.L.  formerly  Scholar  of  Brasenose  College,  C5xford. 
".  6d.  [Just  Published. 

14.  Ciceronis  Cato  Major,  Laelius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brownrigq  Smith, 
M.A..  F.R.G.S.    as. 

3.  Cornelius  N epos.    With  Notes.    By  H.  Young,     is. 

b.  Horace;   Odes,   Epode,   and  Carmen  Saeculare.     Notes  by  H. 
VouNo.    xs.  6d. 

7.  Horace ;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  Brown- 

RiGG  Smith,  M.A.,  F.R.G.S.    xs.  6d. 

21.  Juvenalis  Satirae.    With  Prolegomena  and  Notes  by  T.  H.  S. 

EscoTT,  B.A.,  Lecturer  on  Logic  at  King's  College,  London.    2s. 

16.  X-ivy :  History  of  Rome.  Notes  by  H.  Young  and  W.  B.  Smith, 

M.A.    Part  x.    Books  i.,  ti.,  xs.  6d. 
x6». Part  2.    Books  iii.,  iv.,  v.,  xs.  6d. 

17.  Part  3      Books  xxi.,xxii.,  is.  61. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurtbinum.    Notes  Critical 

and  Explanatory,  by  W.  M.  Donnb,  B.A.,  Trin.  Coll.,  Cam.    xs.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.   Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    2s. 

9.  Terentii  Andria  et  Heautontimonimenos.     With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    is.  6d. 

11.  Terentii  Eunuchus,  Comcedia.    Notes,  by  Rev.  J.  Davies,  M.A. 

xs.  6d. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  RusHTON,  M.A.,  and  on  the  Georgics  by  H.  Youno.    is.  6i. 

5.  Virgilii  Maronis  .£neis.     With  Notes,  Critical  and  Explanatory, 

by  H.  Youno.  New  Edition,  revised  and  improved.  With  copious  Addi- 
tional Notes  by  Rev.  T.  H.  L.  Lbary,  D.C.L.,  lormerly  Scholar  of  Brasenose 


College,  Oxford. 


^usi  published, 
^usi  published, 
^ust  published. 


5» "Part  X.    Books  i. — ^vi.,  xs.  6i. 

5*» Part -2.    Books  vii.— xii.,  2s. 

19.  Latin  Verse  Selections,  from  Catullus,  TibuUus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donnb,  M.A.,  Trinity  College,  Cambridge,    ss. 

20.  Latin  Prose   Selections,  from  Varro,  Columella,  Vitruvius, 

Seneca,  Quintilian,  Florus,  Velletus  Paterculus,  Valerius  Maximus  Sueto- 
nius. Apuleius,  8tc.    Notes  by  W.  B.  Donnb,  M.A.    2s. 
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14.  Greek  Grammar, 

lui;ic4l  KMrarchu  of  us  m. 
Clai'de  Hoiiltoh.    ii.6d, 

tSfiJ'Greek  Lexicon.  Conti 

Ilieic  SlKxiGulioiu,  InBacIiiD.,  .. 
BiHiLron.    Vnl,  i.  Giwk-EnEtii> 


GREEK. 

accordance  with  Ihe  Principles  and  Ph  lo 
iDMi  coitii-iit  SchoU™  of  our  own  diy.    By  Haw 


ig  all  the  Word!  1 

-ind  Doubtful  Qua 

"  t.  Eo) 


General  Use.  1 
Lilft.  Br  UiHDt 
■h-Greek.  ».    0< 


14.15. Greek  Lexicon  (as  above).    Complele,  with  Ihe  Gsaumak,  in 

17,      One  Yal.,  claOi  boiMi.  61. 
GREEK  CLASSICS.     With  EipluiBloTy  Notes  in  English. 
I.  Greek  Delectus.     Coniamfne  Eitracts  ftom  CUssical  Authnr>, 
with  G«iBa)"incikL  VocibuUnei  and  ExpUnitsry  Notes,  byH,  YouNO.  NVw 
EdiCiDO.Witb  an  improved  and  enJarffld  fiuppjopentary  Vdc^nlajy,  br  JoHFi 
Hi-rcHisd.,  M.A..  of  thu  Hi^  School,  GUigow.    i..6d.  " 

30.  ^schylus:  Promelheui  ViDctus:  The  Piometheiu  Bound.  From 
the  Teal  of  DiouoiF.  Edited,  witfa  Eorlith  Nain,  Cntical  and  EnUnaloty. 
bftlicKcv.jAHmi  D:kviu.MJL.    11. 

Jt.  .Aschylus  1  Septem  Contra  Thebes  i  The  Sena  aeaimt  Theb». 

From  the  Teit  of  DincKIIU.     Edilod.  Vlili    Bn|cli>h  NoM>,  Critical  and  Ea- 

p]uiab>r7,bylh«Kev.J>uu  DAVII9.M.A.    II. 
40,  Arlato phases !   AchAmiaiu.    Chiefly  from  the  Text  of  C.  H. 

Waui.    Wllb  Noiei,  hy  C.  S.  T.  ToHnHRUD,  U.A.    ii.  M. 
lb.  Euripides;  Alcesiii.     Chiefly  from  the  Text  of  Dihdorv.   With 

•■  -■        ■        ■'■     lanaton-,byj0MH 

and  Medea      '" 


.  Euripides 


K.G.S.    I 


Chicllvfioi 
r.'b,  H 


the  Tej 


7.  Herodotus,  The  Hisloty  of,  chiefly  after  the  Text  of  Gaisfokd. 

With    Pipliminaiy  Obirrvalions  and  Appendices,  and   Nolci,  Ciilical    an<] 
E>plM.-il<iry,bvT.  H.  L,  Lbahv,  M,A.,  I>.C,L. 

Pari  1.     ftooks  1..  ii.  1  Ihe  Ciin  and  EutemeJ,  «. 

P;irt  I.    Hooki ill.,  iv. (Ilie  rh;.Lia and  Melpumone),  M. 

P.irl  ].    Itooks  v.-vii.  (Thf  Icnitichore,  Eraln,  and  PolynmiA^  ». 

,  Homer,  The  Works  of.  According  to  the  Text  of  Bai!i;mle]N. 
With  N'olM,  Criliral  and  Eiplanatiry,  drawn  from  Ibe  hen  and  Lairii 
Aulhoriti..<,  with  Prcliminaiy  ObKnatwu  and  Appendico,  br  1.  H.  L. 


s  Select  Dialogu 

ral  and  Eiplanaloir  Niitei,  by  H. 
Dialogues!    The  Apnlogy 


6d,  I    Pan  4-  Itooki  lia.  i. 

I        Hymn.,  a.. 
IS.     The  Ten  carefully  re 


Sophocles  L  (Edipu-.  T\rannus.     Notes  by  H.  YoUNr., 
Sophocles:    Anligone.'    Ftnm  ihe  Text  of  DlNUORl'. 

rri,:r,l    „.A   lf„.l:.n„l,..^.,  by  ihc   KcV.    [OIIN    MlLKBII.    B.A.       IJ, 

iry  of  the  Pelopi>nneiiian  War.     Not 


ft.  ThucydideS: 
:.  3.  Xenophon's  Anabasii 


Hooki  iv.  to  vii..  K. 
n's  Panegyric  0 

iS'S:.£; 

«  iih  EiiBli.h  Noi«.    Hy  kcv.  T.  I 
BrasencHe  C.>lWj;p,  O.fnrd.     i!.  l»i, 
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4j.  Demr.slhenes. 


.  Agesllaua. 

on  the  Ctown  = 


the  Philippics. 
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